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□ 51. 5106833 . 26 Jan 89; 21 Apr 92. Coagulation inhibitors. Broze, Jr.; George J., et al. 514/12; 
424/529 530/300 530/350. A61K037/02 C07K003/00. 



□ 52. 4952496 . 29 Dec 86; 28 Aug 90. Cloning and expression of the gene for bacteriophage T7 
RNA polymerase. Studier; F. William, et al. 435/91.41; 435/194 435/235.1 435/252.3 435/320.1 435/472 
536/23.2. C12P019/34 C12N015/00 C12N007/00 C12N009/12. 



□ 53. 4912046 . 08 Jun 87; 27 Mar 90. Portable inducible control system. Henner; Dennis J., et al. 
435/252.3; 435/252.31 435/320.1 536/24.1. C12N001/20 C12N015/00. 



□ 54. 4863855 . 14 May 82; 05 Sep 89. Novel cloning vehicles for polypeptide expression in 
microbial hosts. Inouye; Masayori, et al. 435/69.1; 435/252.3 435/252.33 435/320.1 435/488 435/69.8 
536/23.1 536/23.4 536/24.1 930/10 930/200. C12P021/00 C12N001/20 C12N015/00. 



□ 55. 4833080 . 12 Dec 85; 23 May 89. Regulation of eucaryotic gene expression. Brent; Roger, et al. 
435/69.1; 435/254.2 435/317.1 435/320.1 435/471 435/472 435/475 435/483 435/490 435/69.7 435/69.9 
435/91.1 435/91.41 435/91.5 536/23.1 536/23.4 536/23.7. C12N015/00 C12N021/00 C12N007/00 
C12P0 19/34. 



□ 56. 4757013 . 26 Jun 86; 12 Jul 88. Cloning vehicles for polypeptide expression in microbial hosts. 
Inouye; Masayori, et al. 435/69.1; 435/252.33 435/320.1 435/69.4 930/120 930/200. C12P021/00 
C12P021/02 C12N015/00 C12N001/20. 



□ 57. 4753874 . 08 Jul 85; 28 Jun 88. Rapid mutation testing system for human cells. Calos; Michele 
P.. 435/6; 435/29 435/32 435/320.1 435/34 435/441. C12N001/00 C12N015/00 C12Q001/02. 



□ 58. 4643969 . 25 Jul 83; 17 Feb 87. Novel cloning vehicles for polypeptide expression in microbial 
hosts. Inouye; Masayori, et al. 435/69.1; 435/252.33 435/320.1 435/488 435/69.3 435/69.4 435/69.6 
536/23.1 536/23.4 536/24.1 930/10 930/200 930/300. C12P021/00 C12N015/00 C12N001/00. 



□ 59. 4634678 . 13 Dec 82; 06 Jan 87. Plasmid cloning and expression vectors for use in 
microorganisms. Salstrom; John S., et al. 435/320.1; 435/69.1 435/69.3 435/69.5 435/69.51 435/69.52 
435/69.6 435/91.41. C12N001/00 C12N015/00 C12N001/20 C12P021/00 C12P021/02 C12P019/34. 



Generate Collection 



Print 



Term 


Documents 


5.CLM..USPT,PGPB,JPAB,EPAB,DWPI. 


59 


(L5.CLM.).USPT,PGPB,JPAB,EPAB,DWPI. 


59 



Previous Page Next Page 



I of i 



9/24/03 1:02 PM 



Record List Display 



http://westbrs:8002/bin/cgi-bin/accum_query.pl 



Generate Collection 



Print 



Search Results - Record(s) 41 through 50 of 59 returned. 



□ 41 . 5629158 . 07 Jun 95 ; 1 3 May 97. Solid phase diagnosis of medical conditions. Uhlen; Mathias. 
435/6; 435/91.2. C12P019/34 C12Q001/68. 



□ 42. 5602300 . 29 Dec 93; 1 1 Feb 97. Process for detecting mutations, transgenic mammal 
transgenic mammalian cell, and process for testing agents or conditioning for mutagenic properties. 
Gossen; Jan A., et al. 800/3; 424/9.2 435/29 435/325 435/352 435/353 435/354 435/4 435/488 435/6 
800/18. C12N005/00 C12N015/00 A61K049/00. 



□ 43. 5589155 . 06 Mar 95; 3 1 Dec 96. Mutagenesis testing using transgenic non-human animals 
carrying test DNA sequences. Sorge; Joseph A., et al. 424/9.2; 435/320.1 435/488 435/6 800/3. 
A61K049/00C12N015/00. 



□ 44. 5552300 . 13 Jan 94; 03 Sep 96. T cell antigen receptor V region proteins and methods of 
preparation thereof. Makrides; Savvas C, et al. 435/69.1; 435/252.3 435/320.1. C12N015/00 C12N015/13. 



□ 45. 5510099 . 23 Sep 93; 23 Apr 96. Mutagenesis testing using transgenic non-human animals 
carrying test DNA sequences. Short; Jay M., et al. 800/3; 424/9.1 435/317.1 435/320.1 435/488. 
A61K049/00C12N015/00. 



□ 46. 5416008 . 01 Oct 91; 16 May 95. Cross-regulation of gene expression in recombinant cells. 
Bailey; James E., et al. 435/69.1; 435/252.33 435/254.21 435/483 435/488 435/71.1 435/71.2. 
C12N015/00 C12N001/19 C12N001/21 C12N015/09. 



□ 47. 5369038 . 30 Oct 92; 29 Nov 94. Method for immunological assay of free lipoprotein associated 
coagulation inhibitor (LACI) and kit therefor. Koike; Yukiya, et al. 436/548; 435/7.1 435/7.94 435/975 
530/388.25. G01N033/53 C12Q001/00 C07K015/28. 



□ 48. 5268274 . 22 Apr 91 ; 07 Dec 93. Methods and nucleic acid sequences for the expression of the 
cellulose synthase operon. Ben-Bassat; Arie, et al. 435/69.1; 435/101 435/194 435/252.3 435/252.33 
435/320.1 435/823 536/23.2. C12N015/00 C12N015/54 C12N015/74 C12P019/04. 



□ 49. 5171670 . 12 May 89; 1 5 Dec 92. Recombinant DNA method for production of parathyroid 
hormone. Kronenberg; Henry M., et al. 435/68.1; 435/252.3 435/252.33 435/254.2 435/320.1 435/69.4 
435/69.7 530/350 530/399. C12P021/06 C12N015/62 C12N001/21 C07K013/00. 



□ 50. 5169760 . 27 Jul 89; 08 Dec 92. Method, vectors, and host cells for the control of expression of 
heterologous genes from lac operated promoters. Wilcox; Edward R,. 435/69.1; 435/252.3 435/320.1. 
C12N015/11 C12N015/67. 
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□ 31. 5990079 . 30 Jan 98; 23 Nov 99. Agents affecting thrombosis and hemostasis. Wolf; David L., 
et al. 514/2; 424/422 424/423 424/94.64 435/212 530/381 530/384 530/830. A61K038/36 A61K035/16 
A61F013/00 C07K014/435. 



□ 32. 5968897 . 30 Jan 98; 19 Oct 99. Agents affecting thrombosis and hemostasis. Wolf; David L„ et 
al. 514/2; 424/422 424/423 424/94.64 435/212 530/381 530/384 530/830. A61K038/36 A61K035/16 
A61F013/00 C07K014/435. 

□ 33. 5955056 . 31 May 95; 21 Sep 99. Mutagenesis testing using transgenic non-human animals 
carrying test DNA sequences. Short; Jay M., et al. 424/9.2; 424/9.1 435/235.1 435/252.3 435/252.33 
435/320.1 435/6 536/23.1 536/23.7 536/23.72 536/24.1. A61K049/00. 



□ 34. 5939295 . 29 Mar 96; 17 Aug 99. Production of tryptophan by microorganisms. Dunkak; Mark 
S., et al. 435/108; 435/252.3 435/252.33 435/320.1. C12P013/22 C12N001/20 C12N015/00. 

□ 35. 5834233 . 1 8 Oct 95; 1 0 Nov 98. Method of limiting the survival of genetically engineered 
microorganisms in their enivronment. Molin; Soren, et al. 435/69.1; 435/243 435/320.1 435/471 435/478 
435/479 536/23.2 536/23.71. C12P021/02 C12N015/31 C12N015/32 C12N015/63. 



□ 36. 5824528 . 15 Aug 94; 20 Oct 98. Cloning and expression of autogenes encoding RNA 
poly,erases of T7-like bacteriophages. Studier; F. William, et al. 435/194; 435/252.3 435/252.33 435/320.1 
536/23.2 536/23.72. C12N001/21 C12N009/12 C12N015/54 C12N015/70. 



□ 37. 5824287 . 05 Jun 95; 20 Oct 98. Mutagenesis testing using transgenic non-human animals 
carrying test DNA sequences. Sorge; Joseph A., et al. 424/9.2; 435/6. A61K049/00 C12N005/00 
C12N015/00. 



□ 38. 5817290 . 25 Jul 96; 06 Oct 98. Method of and test kit for mutagenesis testing. Vijg; Jan, et al. 
424/9.2; 435/29 435/325 435/352 435/353 435/354 435/6. A61K049/00. 



□ 39. 5808034 . 22 Aug 94; 15 Sep 98. Plant gene construct comprising male flower specific 
promoters. Bridges; Ian George, et al. 536/24.1; 47/DIG.l 536/23.5 536/23.6 536/23.7. C12N015/11 
C12N015/82 A01H001/00. 



□ 40. 5770699 . 30 Dec 96; 23 Jun 98. Process for production of inhibited forms of activated blood 
factors. King; Robert. 530/381; 435/68.1 530/384 530/413 530/829. C07K014/745 C07K001/18 
A61K038/36C12P021/06. 
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□ 21. 6307121 . 28 May 99; 23 Oct 01 . Bacteriophage-based transgenic fish for mutation detection. 
Winn; Richard N.. 800/3; 536/23.1 536/23.7 800/20 800/21 800/25. G01N033/00 A01K067/027 
C12N015/00 C07H021/02 C07H021/04. 



□ 22. 6291427 . 30 May 95; 18 Sep 01 . Anticoagulant combination of LACI and sulfated 
polysaccharides. Wun; Tze-Chein. 514/12; 514/21 530/395. A61K038/17. 

□ 23. 6287844 . 06 Feb 98; 1 1 Sep 01 . Compositions and methods for controlling genetically 
engineered organisms. Szafranski; Przemyslaw, et al. 435/252.33; 435/252.3. C12N001/20. 

□ 24. 6172279 . 07 Nov 95; 09 Jan 01 . Plant gene construct encoding a protein capable of disrupting 
the biogenesis of viable pollen. Bridges; Ian George, et al. 800/274; 536/23.5 536/23.6 536/23.7 536/24.1 
800/268 800/271 800/303 800/320.1. C12N015/11 C12N015/82 A01H001/00. 



D 25. 6103499 . 29 Jan 99; 15 Aug 00. Inhibitors of human plasmin derived from the Kunitz domains. 
Markland; William, et al. 435/69.2; 424/94.64 435/252.3 435/320.1 435/69.1 514/12 530/300. C12P021/06 
C12N001/20 C12N015/00 A61K038/48. 



□ 26. 6100089 . 19 Apr 93; 08 Aug 00. Rapid screening mutagenesis and teratogenesis assay. Reddy; 
Vermuri B., et al. 435/325; 435/29 435/320.1 435/4 435/455 435/8. C12N005/10 C12N015/01 
C12N015/85 C12Q001/68. 

□ 27. 6071723 . 08 Oct 99; 06 Jun 00. Inhibitors of human plasmin derived from the Kunitz domains. 
Markland; William, et al. 435/69.1; 435/252.3 435/320.1 435/69.2 530/300 530/324 536/23.5. C12P021/06 
C12N015/09 C12N001/20 C12N015/00 C07H021/04. 



□ 28. 6063764 . 07 Jun 95; 16 May 00. Method for using lipoprotein associated coagulation inhibitor 
to treat sepsis. Creasey; Abla A, et al. 514/12; 514/21 514/8 514/921. A61K038/00. 



□ 29. 6010880 . 07 Jan 97; 04 Jan 00. Inhibitors of human plasmin derived from the kunitz domains. 
Markland; William, et al. 435/69.2; 435/252.3 435/320.1 435/69.1 530/300 530/324 536/23.5. 
C07K001/00 C07H021/04 C12P021/06 C12N001/20. 



□ 30. 6001977 . 05 Jun 95; 14 Dec 99. Cloning and expression of HTLV-EH DNA. Chang; Nancy T., 
et al. 530/389.4; 424/148.1 424/160.1 435/326 435/339 435/339.1 435/69.3 435/70.1 435/70.21 
530/388.35. C07K016/08 C07K016/10 C12P021/08 C12N005/24. 
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□ 21. 6307121 . 28 May 99; 23 Oct 01. Bacteriophage-based transgenic fish for mutation detection. 
Winn; Richard N.. 800/3; 536/23.1 536/23.7 800/20 800/21 800/25. G01N033/00 A01K067/027 
C12N015/00 C07H021/02 C07H021/04. 

□ 22. 6291427 . 30 May 95 ; 1 8 Sep 0 1 . Anticoagulant combination of LACI and sulfated 
polysaccharides. Wun; Tze-Chein. 514/12; 514/21 530/395. A61K038/17. 

□ 23. 6287844 . 06 Feb 98; 1 1 Sep 01 . Compositions and methods for controlling genetically 
engineered organisms. Szafranski; Przemyslaw, et al. 435/252.33; 435/252.3. C12N001/20. 

□ 24. 6172279 . 07 Nov 95; 09 Jan 01 . Plant gene construct encoding a protein capable of disrupting 
the biogenesis of viable pollen. Bridges; Ian George, et al. 800/274; 536/23.5 536/23.6 536/23.7 536/24.1 
800/268 800/271 800/303 800/320.1. C12N015/1 1 C12N015/82 A01H001/00. 

□ 25. 6103499 . 29 Jan 99; 15 Aug 00. Inhibitors of human plasmin derived from the Kunitz domains. 
Markland; William, et al. 435/69.2; 424/94.64 435/252.3 435/320.1 435/69.1 514/12 530/300. C12P021/06 
C12N001/20 C12N015/00 A61K038/48. 



□ 26. 6100089 . 19 Apr 93; 08 Aug 00. Rapid screening mutagenesis and teratogenesis assay, Reddy; 
Vermuri B., et al. 435/325; 435/29 435/320.1 435/4 435/455 435/8. C12N005/10 C12N015/01 
C12N015/85C12Q001/68. 



□ 27. 6071723 . 08 Oct 99; 06 Jun 00. Inhibitors of human plasmin derived from the Kunitz domains. 
Markland; William, et al. 435/69.1; 435/252.3 435/320.1 435/69.2 530/300 530/324 536/23.5. C12P021/06 
C12N015/09 C12N001/20 C12N015/00 C07H021/04. 

□ 28. 6063764 . 07 Jun 95; 16 May 00. Method for using lipoprotein associated coagulation inhibitor 
to treat sepsis. Creasey; Abla A., et al. 514/12; 514/21 514/8 514/921. A61K038/00. 

□ 29. 6010880 . 07 Jan 97; 04 Jan 00. Inhibitors of human plasmin derived from the kunitz domains. 
Markland; William, et al. 435/69.2; 435/252.3 435/320.1 435/69.1 530/300 530/324 536/23.5. 
C07K001/00 C07H021/04 C12P021/06 C12N001/20. 



□ 30. 6001977 . 05 Jun 95; 14 Dec 99. Cloning and expression of HTLV-IH DNA. Chang; Nancy T., 
et al. 530/389.4; 424/148.1 424/160.1 435/326 435/339 435/339.1 435/69.3 435/70.1 435/70.21 
530/388.35. C07K016/08 C07K016/10 C12P021/08 C12N005/24. 
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□ 11. 20010014444 . 1 9 Jan 0 1 . 16 Aug 0 1 . Gene regulator fusion proteins and methods of using the 
same for determining resistance of a protein to a drug targeted thereagainst, Melnick, Laurence M., et al. 
435/4; 435/5 435/7.1 C12Q001/00 C12Q001/70 G01N033/53. 

□ 12. 6576469 . 19 Sep 00; 10 Jun 03. Inducible methods for repressing gene function. Struhl; Kevin, 
et al. 435/483; 435/254.21 435/325 435/455 435/69.1. C12N015/63 C12N015/81. 

□ 13. 6531295 . 06 Jun 95; 1 1 Mar 03. Synthetic constructs encoding syndecan. Saunders; Scott, et al. 
435/69.1; 435/320.1 435/325 435/69.7 536/23.4 536/23.5. C12P021/00 C12N015/12 C12N005/10 
C12N015/00. 



□ 14. 6500659 . 25 Oct 99; 3 1 Dec 02. Amidase. Murphy; Dennis, et al, 435/227; 435/228 435/230 
435/252.3 435/320.1 435/69.1 530/350 536/23.2 536/23.7. C12N001/20 C07H021/04. 



□ 15. RE37919 . 29 Jan 97; 03 Dec 02. Recombinant DNA method for production of parathyroid 
hormone. Kronenberg; Henry M., et al. 435/68.1; 435/252.3 435/252.33 435/255.1 435/320.1 435/325 
435/69.4 435/69.7 530/350 530/399 536/23.1 536/23.4 536/23.51. C12P021/06 C12N015/62 C12N001/21 
C07K013/00. 



□ 16. 6485934 . 22 Oct 99; 26 Nov 02. Regulatory system for inducible expression of genes with 
lambdoid promoters. Mertens; Nico Maurice August Corneel, et al. 435/69.1; 435/252.3 435/320.1 
435/471 530/350 536/23.1. C12N015/00 C12N015/09 C12N001/21 C12P021/06 C07H021/04. 

□ 17. 6482618 . 04 Apr 02; 19 Nov 02. Self-enhancing, pharmacologically controllable expression 
systems. Mueller; Rolf, et al. 435/91.41; 435/320.1 435/325 536/23.4 536/24.1. C12N015/66. 

□ 18. 6472583 . 26 Oct 99; 29 Oct 02. Plasmid-based mutation detection system in transgenic fish. 
Winn; Richard N.. 800/3; 800/20 800/21 800/25. G01N033/00 A01K067/027 C12N015/00. 



□ 19. 6383785 . 09 Dec 97; 07 May 02. Self-enhancing, pharmacologically controllable expression 
systems. Mueller; Rolf, et al. 435/91.41; 435/320.1 435/325 536/23.4 536/24.1. C12N015/66. 

□ 20. 6333167 . 10 Mar 00; 25 Dec 01 . Methods and reagents for identifying inhibitors of proteolysis 
of membrane-associated proteins. Quinet; Elaine M., et al. 435/23; 435/219 435/254.2 435/320.1 435/325 
435/348 435/349 435/350 435/395 530/350 536/23.4. C12Q001/37. 
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□ 1. 20030171292 . 19 Feb 03. 1 1 Sep 03. Method for using lipoprotein associated coagulation 
inhibitor to treat sepsis. Creasey, Abla A., et al. 514/12; A61K038/17. 



□ 2. 20030170760 . 1 8 Jul 02. 1 1 Sep 03. Cell based signal generation. Xu, Jun, et al. 435/7.3 1 ; 
435/199 435/254.2 435/320.1 435/483 435/69.3 536/23.2 G01N033/53 G01N033/569 C07H021/04 
C12N001/18 C12N015/74 C12N009/22. 

□ 3. 20030165896 . 1 1 Jun 02. 04 Sep 03. Inhibitors of human plasmin derived from the kunitz 
domains. Markland, William, et al. 435/6; 514/12 530/350 C07K017/00 C07K014/00 C07K001/00 
A61K038/00 C12Q001/68. 

□ 4. 20030143685 . 28 Oct 02. 3 1 Jul 03. Efficient protein expression system. Hu, Mary ChaoHong. 
435/69.1; 435/252.3 435/254.3 435/320.1 435/325 435/348 435/419 435/471 C12P021/02 C12N001/21 
C12N005/06 C12N001/18 C12N005/04. 

□ 5. 20030064931 . 30 Sep 02. 03 Apr 03. Metabolic genes and related methods and compositions. 
Gallivan, Justin. 514/12; 435/184 435/219 435/252.3 435/320.1 435/6 435/69.2 536/23.2 C12Q001/68 
A61K038/17 C07H021/04 C12N001/21 C12N009/99 C12N009/50 C12N015/74. 



□ 6. 20030040102 . 05 Jun 02. 27 Feb 03. Feedback-regulated expression system and uses thereof. 
Hunt, Arthur G„ et al. 435/252.1; 435/320.1 435/469 536/23.2 800/288 800/294 A01H001/00 C07H021/04 
C12N001/21 C12N015/87. 



□ 7. 20020192675 . 04 Feb 02. 19 Dec 02. Methods of identifying regulator molecules. Zauderer, 
Maurice, et al. 435/6; 435/455 435/7.1 435/7.2 C12Q001/68 G01N033/53 G01N033/567 C12N015/87. 

□ 8. 20020147184 . 25 Jan 02. 1 0 Oct 02. Combinations of sterol absorption inhibitor(s) with blood 
modifier(s) for treating vascular conditions. Kosoglou, Teddy, et al. 514/210.02; A61K031/397. 

□ 9. 20020072098 . 08 Dec 00. 13 Jun 02. Process for the fermentative preparation of L-amino acids 
using coryneform bacteria. Ziegler, Petra, et al. 435/106; 435/252.3 C12P013/04 C12N001/21. 

□ 10. 20010016351 . 31 Oct 97. 23 Aug 01. NOVEL VECTOR FOR GENE EXPRESSION IN 
PROKARYOTIC AND EUKARYOTIC SYSTEMS. SORGE, JOSEPH A, et al. 435/320.1; C12N015/00. 



Generate Collection 



Print 



Term 


Documents 


5.CLM..USPT,PGPB,JPAB,EPAB,DWPI. 


59 


(L5.CLM.).USPT,PGPB,JPAB,EPAB,DWPI. 


59 



Previous Page Next Page 



1 of 1 



9/24/03 1:03 PM 



STIC-ILL 




From: Gambel, Phillip O *X I I /L- 

Sent: Wednesday, September 24, 2003 4:48 PM K_ V / ' ^ 

To: STIC-iLL I 

Subject: laci two 

stic 

please provide the following references to 

phillip gambel 
art unit 1644 
308-3997 

1644 mailbox 9e12 



14/7/1 (Iteml from file: 5) 
DIALOG(R)File 5:Biosis Previews(R) 
(c) 2003 BIOSIS. All rts. reserv. 

02121116 BIOSIS NO.: 000063036112 
PENICILLIN INDUCED COAGULATION DISORDER 

AUTHOR: ANDRASSY K; SCHERZ M; RITZ E; WALTER E; HASPER B; STORCH H; VOEMEL 
W 

JOURNAL: LANCET 2 (7994). 1976 1039-1041. 1976 
FULL JOURNAL NAME: Lancet 
CODEN: LANCA 
RECORD TYPE: Abstract 

ABSTRACT: A coagulation disorder was seen after penicillin G 
administration (10 million units/day) in uremic patients and after 
high-dose penicillin G (40 million units/day) in patients with a normal 
glomerular filtration rate (5 patients after cardiac surgery). This 
disorder was characterized by prolongation of bleeding time, appearing 
immediately after penicillin G administration and persisting until 4 days 
after withdrawal of therapy; disturbance of collagen-induced and 
ristocetin-induced platelet aggregation; increase of antithrombin-ll 
activity; and inhibition of factor-Xa activity. The 
inhibition of factor-Xa activity corresponded to that 
seen after low-dose heparin'prophylaxis. The clinically latent 
coagulation disorder, when superimposed upon pre-existing 
coagulation abnormalities (uremia, treatment with 
anticoagulants) may cause severe bleeding, as observed in 1 patient with 
acute renal failure on hemodialysis. 
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DUcuitlon 

These results show an inverse relationship between 
mean nitrite and hydrogen ion concentrations in the 
fasting gastric juice of all groups studied; The "norma]" 
and duodenal-ulcer patients have similar hydrogen ion 
concentrations, and in both groups nitrite is present in 
very low concentrations of less than 2 pmol/1. The gas- 
tric cancer group have a low hydrogen ion concentra- 
tion, as expected, and a much higher mean nitrite con- 
centration of 38-8 [zmol/l. The gastric-ulcer group 
occupy an intermediate position both in terms of hydro- 
gen ion and nitrite concentrations. The higher nitrite 
concentrations are not due to the presence of gastric 
ulcer or cancer per se, since neither the nitrite nor hydro- 
gen ion concentrations in these groups differed signifi- 
cantly from the group with fasting hypochlorhydria but 
no identifiable gastroduodenal lesion (the "hypochlor- 
hydric normals"). This suggests that the high nitrite 
concentrations are related to the presence of fasting 
hypochlorhydria, irrespective of gastric lesion. The rate 
of N-nitrosation is determined bv the concentration of 
nitrosatable amine and the square of the nitrite concen- 
tration. 14 Thus the higher nitrite concentration found 
in hypochlorhydric gastric juice may be sufficient to 
allow intragastric formation of carcinogenic nitrosa- 
. mines. A nitrite concentration of 60 [imol/1 has been 

shown to lead to significant nitrosamine formation in 1 _ 
> saliva 9 but lower concentrations have hot/to our knowl : | 
'■edge, been tested. ■-"/". •"jf 
h*; Thiocyanate is a powerful catalysf of nitrosation; and ^ 
a thiocyanate concentration of 1 mmol/1 ^^liiacceleratej:^/ 
/the in~vitrb nitrosation of morpholihe aran^cid pH*' 
- 550'times; 1 - 3 its ability to participate in bacterial nitrosa- S 
.'tion is, unknown. The mean gastric juice thiocyanate 
concentration in our patients was , 1^5;1fonoiA-<anttahe>'j| 
thiocyanate concentration of smokers; was significantly M 
.greater than that of non-smokers, presumably reflecting y| 
salivary differences due to the absorption and metabo- if 
1 ism of cyanide compounds from tobacco smoke! 13 : 

In the absence of bacteria the nitrosation reaction 
proceeds optimally at an acid pH. 14 However, nitrosa- 
tion occurs readily at a neutral pH in the presence of ^ 
. many gastrointestinal bacteria. 19 16 In this- study bac- $ 
teria were recovered from nearly all samples of gastric ^ 
juice, but both, total bacterial counts and counts of nit- 
rate-reductase-positive organisms were much higher in 
the patients with fasting hypochlorhydria, as defined by 
a hydrogen ion concentration of less than 5 mmol/1 and 
pH greater than 5. The bacteria cultured from the 
acid specimens, with hydrogen ion concentrations 
greater than 15 mmol/1 and pH less than 2-5, were pre- 
sumably swallowed contaminants rather than estab- 
lished gastric residents and would be metabolically inac- 
tive at this pH. In contrast the bacterial flora of the 
neutral and near neutral stomach would u: highly meta- 
bolically active, and capable of nitrate reduction, as bac- 
terial nitrate-rcductase activity is optimal at neutral 
pH. 17 The bacterial reduction of nitrate derived from 
saliva is the most likely source of the gastric nitrite, and 
this reduction may occur in the mouth" as well as in the 
neutral stomach. Nitrite entering the stomach in swal- 
lowed saliva would only persist at a high pH as nitrite 
is unstable in acid solution. In neutral gastric juice it 
would be supplemented by additional nitrite formed by 
intragastric bacterial reduction of residual salivary 



nitrate, and this is the probable explanation of the high 
nitrite concentrations found in our "hypochlorhydric" 
patients. 

The presence of a high nitrite concentration together 
with a high bacterial count in the gastric juice of pa- 
tients with fasting hypochlorhydria would be conducive 
to N-nitrosation. This would lead to the intragastric for- 
mation of carcinogenic nitrosamines and may be a factor 
in the known association between hypochlorhydria and 
gastric cancer. 1 " The metabolically active bacteria 
present in neutral gastric juice could be important in 
this context, both by generating nitrite and catalysing 
nitrosasamine formation. 

We (hank Or T. D. Kcllock and Dr J. J. Miaiewicz Tor allowing us 
to study their patients, and Dr E. N. Rowlands and Dr H. S. Wiggins 
for helpful advice and criticism. C. L. W. acknowledges the support 
of the Cancer Research Campaign. The assistance and skill of Staff 
Nurse Sue Waterman is gratefully acknowledged. 
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PENICILLIN-INDUCED COAGULATION ~ 
J DISORDER 
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Mannheim, West Germany 

Summary A coagulation disorder was seen after 
penicillin-G administration (10 million 
units/day) in ursemic patients and after high-dose peni- 
cillin G (40 million units/day) in patients with a normal 
glomerular filtration-rate (5 patients after cardiac sur- 
gery). This disorder was characterised by: prolongation 
of bleeding-time, appearing immediately after penicil- 
lin-G administration and persisting until 4 days after 
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withdrawal of therapy; disturbance of collagen-induced 
and ristocetin-induced platelet aggregation; increase of 
antithrombin-m activity; and inhibition of factor-xa 
activity. The inhibition of factor-xa activity corres- 
ponded to that seen after low-dose-heparin prophylaxis. 
The clinically latent coagulation disorder, when super- 
imposed upon pre-existing coagulation abnormalities 
(uraemia, treatment with anticoagulants) may cause 
severe bleeding, as observed in 1 patient with acute renal 
failure on haemodialysis. 

Introduction 

Apart from its well-known anaphylactic and im- 
munological side-€ffects, | - s penicillin has remarkably 
low toxicity for man. When massive doses (e.g., 100 mil- 
lion units/day intravenously) are given, 4 central-ner- 
vous-system irritation with convulsions and coma may 
occur, 3 * even in patients without renal failure. The 
same symptoms are seen with lower doses in patients 
with renal failure or when the blood-brain barrier is 
damaged (in cardiopulmonary bypass or meningitis). 4 7 8 
However, apart from occasional observations of coagu- 
lation disturbances after topical application of peni- 
cillin* and reports of an acquired inhibitor of factor 
vhi, 10 coagulation disorders resulting from systemic ad- 
ministration of penicillin G have not been reported.^ ' ; • ■ 
. We have observed a hemorrhagic diathesis with'! high , Y : " RenicMin-G 40 
- G. High concentra- ■''*"' i ' i *<i; ytf&T* 
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tor after Denson and Bonnar, 1 * thrombirMime after Quick, 
and reptilase-iime after Funk. 16 Staphylococcal clumping was 
I : ■ '^ri >•"■'{■ ,. l «t«l s after ;Hawiger ct a!. 17 Platelet aggregation was in- 
P V >^;^f/duce^i,»;by ^'riatocetm :(l «5 tag/ml) - an^ collagen (5 fig/ml, 
r Hormon Chemie, Mflhich, Germany) and measured with the 

; Heiiiricb-Roka-Aggregometer by V m „ determination. Serum- 



P«Wf-?!ii n ' levels were measured with - a penicillin^G-sensitive 
strain of Bacillus subtilis after Bauers." ' 

\t a ■* a A m < t i Jut ' f 



, „ admitted to another hospital because of submandibular aaV 
J ; -cess: She was febrile (39<C) and complaine^ f onbckal iawl she ' ' v 



■'4 

"( ft-; 



it • -'-'» • ; 



.was ^ven^halotmtf (12 g/day?' 'ant^ ^^nta^m ; (120r^: t> '\ 
; nig/day).^ The fever . subsided 3 days 'later} and me 'patient & 
remained " afebrile. Insufficient parenteral fluid had -'been ! N 
administered: Oh Dec. 22, she was in [acu^Ma^'nttlure'wiUi- f f * r " 

COAGULATION TESTS IN WOMAN WITH ACUTE RENAL FAILURE* 



Date 


Penicillin G 
(per day) 


Aniithrombin 111 


Factor 


Thrombin- 
time 

I s ) 


Rcptilase- 
timc 

(s) ' 


Bleeding- 
time 


Staphylococcus 
clumping- 

: 1 "'test 


Activity 


Protein 


xa 

(%) 


Normal range 




70-130% 


17-30 mg/dl 


70-130% 


18-25 


16-20 


<6 min 


-n 


Dec. 21, 1975 
Dec. 23 
Dec. 24* 
Dec. 27 
Dec. 29 
Jan. 1, 1976 
Jan. 2 
Jan. 5 
Jan. 7 
Jan. 9 


10 million units 

10 million uniuf 

10 million units 

10 million units 

10 million units 

Propicillin 3-5 g 
•• 

Propicillin 1-4 g 


115 

260 

360 

4105 

290 

250 
200 
170 
155 


28 

305 
35 
30-5 
30-5 

26 
28 
28 
27 


68 
27 
20 
34 
39 

44 

56 
54 
60 


18 

221 
22 
21-3 
221 

19-8 
216 
212 
21 6 


14-5 
20 
212 
178 
18 3 

18-3 
18-4 
17-5 
16 4 


4 min 30 sec 
>30 min 

> 30 min 
3 min 56 sec 


Mill 



.io 



t Measured serum-levels of penicillin G+ =140 ug/mL 
X Blood-transfusion. 

{After addition of protamine chloride (270 pg/ml)=l 15%. 
TJ— =No significant dumping, titre <2. 
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oliguria (200 ml/24 h) with high serum-urea (247 mg/dl, 41 
mmol/I) and seruro-creatinine (22 mg/dl, 1975 (unol/l). A fluc- 
tuating abscess in the submandibular region was palpable. 
Because mixed anaerobic infection was suspected, parenteral 
penicillin G, 10 million units/day* was administered. A 
Scribner shunt was inserted into the left forearm and hemo- 
dialysis (6 h/day, average heparin dosage 6777+1481 i.u.) was 
begun immediately. There was considerable bleeding from the 
Scribner shunt cut-down. On Dec. 23, epistaxis began and con- 
tinued for 2 days, necessitating nasal tamponade for 3 days 
(Blalock tamponade). Also on Dec. 23 the abscess was incised. 
This was followed by profuse haemorrhage from the wound- 
bed, necessitating repeated tamponade. The estimated blood- 
loss was 1000 ml. Bleeding-time rose to >30 min and reverted 
to normal upon withdrawal of penicillin, although uremia was 
still present and hemodialysis was required. In parallel with 
the increase in bleeding-time, reptilase-time, though still 
within the normal range, was longer than the initial value. 
Thrombin-time was also slightly longer than initially. Anti- 
ihrombin-iu activity was increased and factor xa reduced, pre- 
sumably because of increased factor-xa-inhibitor activity. The 
reduction of factor-xa time was equivalent to a serum-heparin 
concentration of 0*13 units/ml (after Denson). 14 There was 
also a slight initial rise and subsequent fall in antithrombin-m- 
protein concentration. However, because of ultrafiltration and 
hypercatabolism, initial rise and later fall are difficult to inter- 
pret. Penicillin levels and coagulation studies before, during, 
. and after therapy are summarised in the table. 

. , Findings In Volvotomy Patients 

"')f t . 5 patients (age 33 + 16 yi>l male,;^ : 

, " ; ,?\:B°ne mitral valvotomy were given 30, million units of penicillin ; 
A .1% -r'.'G-j °n /the 1st postoperative day- aridj 40; niitl'ion'/unitshfor A 

\,r-^f ; ; another^ 3 days by intravenous infusion (2x20 million units/ T 
i'} <tlday)asv 1 hyinfusionj. Serom-cra^^ 

■■ \< ,'■'{ |imol/lj and creatinine clearance was. > 80 ml/niih/l ■ 73 hi 2 in ■ 

■ j i -^ vall patients. None of the patients received platelet-aggregation . 

■ 'i inhibitors, plasma expanders, or anticoagulants, nor! were they j 

, ' - on cardiac bypass. Penicillin levels, were measured 1 1- h after \ 

,. the last penicillin infusion; at the same time bleedini-iime was ■ 
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therapy. The case dc»:»ibed above shows that bleeding 
may also result f'orj high-dose penicillin-G therapy. In 
previous studies, it was shown that penicillin derivatives, 
particularly carbenicillin,""" inhibit platelet aggrega- 
tion, interfere with the conversion of fibrinogen to 
fibrin, and increase antithrombin-m activity, possibly 
through release of heparin. The above findings are com- 
patible with an analogous mechanism of penicillin G. 
The prolongation of bleeding-time after penicillin G 
points to disturbed platelet function, and the prolonga- 
tion of reptilase-time is compatible with disturbed con- 
version of fibrinogen to fibrin, which was demonstrated 
by us using the Belitser assay system." According to 
Biggs, 13 the decreased factor-xa activity points to in- 
creased factor-xa-inhibitor activity; this finding, as well 
as increased antithrombin-m activity, is compatible with 
the presence of heparinsmia, although direct evidence 
for this hypothesis is lacking. Absorption of increased 
antithrombin-m activity by AI(OH), was poor, but addi- 
tion of protamine chloride in vitro (270 \L%/m\ plasma) 
resulted in a striking reduction of antithrombin-m acti- 
vity. It is not known whether administration of prota- 
mine chloride in these patients would also be of clinical 
benefit. The level of factor-xa inhibition in the patients 
treated with high-dose penicillin corresponds to that 
seen after low-dose heparin prophylaxis. 24 . ... • ■ { 

. This study shows that high doses of penicillin cause , , . 
a latent coagulation disorder, which, rnay ; Jbj^me clini^ 
caily manifest; when it is>uj^mposed upopjpre^stingj, 
: hamqswtic^defectsi as; in .uracil" •» ^ aft ** *»*^-«- V. • « 
possible that'the hemorrhagic 



taiiy mamicsi ; wnen a is supenmposcu upon^re^exisung^ > , 

'vtomosta^ccdefec^ ' as ; in uremia or. after surgery % It \ fe#u. 
possible thajtthe hemorrhagic diathesis of endocarditis V* >Yy 
' f lenta, : wHicn^has never been satisfactorily explained, and 5' ! ' 
the risk of bleeding after renaT'biop^yH^ 
Lohleiri's nephritis could stem from higH^oie i .j}HBtt1c^in^'? 4 i ' t - r " 
therapy. Many patients with end^ 



<„. ..jtt.jt.". 



.4.- 



2; was' hoi "significant. During the study platelet-counts, obtained 
' . , 4aily, did not deviate more than 15% from" the . initial Value? ' 
^^H 1 ! 6 ^^Vr^rtts' ; showed consistent prolon^tip^> 7t cT;ble«J- * : 
: : ? f ' fing-timei increased antithrombin-ni acliviiy/.an^ •■' 

f of factor-xa .activity, when; compared with values; before therf ; 
• Am;;, apy; Blceding-tinie rose within 24 h- to values consistently 
above 20 min and did not return completely to normal until j 
4 days after withdrawal of penicillin. The changes in bleeding- 
time were paralleled by a reduction of collagen-induced and ris- 
tocetin-induced platelet aggregation (von Willebrand's disease 
was excluded in all patients by normal factor-vm activity and 
normal platelet function before penicillin). Changes in the 
plasmatic system (antithrombin-m activity, factor-xa activity) 
were slower to appear and slower to disappear than the platelet 
disorder. In addition to the values given in the figure, a slight 
prolongation of reptilase-time (from 20 0+0-8 a to peak value 
of 26-5 ±2-27 s on the 4th postoperative day) was observed; 
ihrombin-iime did not change; fibrin/fibrinogen degradation 
products were not raised (staphylococcus dumping-test). 
There was no consistent change of antithrombin-m protein 
concentration. The above changes were not seen in 5 patients 
with commissurotomy who received only 2x5 million units 
penicillin G/day. In vitro, the alteration of the plasmatic sys- 
tem could not be reproduced by addition of penicillin G to nor- 
mal plasma (500 units penicillin G/ml). 

Discission 

Bleeding is a well-known complication of carbenicillin 
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036/0083 EMBASE No: 1988089519 
THe lipoprotein-associated coagulation inhibitor that 
/hnhibits the factor VI l-tissue factor complex also inhibits 
'factor Xa: Insight into its possible mechanism of action 

Broze Jr. G.J.; Warren L.A.; Novotny W.F.; Higuchi D.A.; Girard J.J.; 
Miletich J.P. 

Jewish Hospital, St Louis, MO 631 10 United States 
Blood ( BLOOD ) (United States) 1988, 71/2 (335-343) 
CODEN: BLOOA ISSN: 0006-4971 
DOCUMENT TYPE: Journal 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

Blood coagulation is initiated when plasma factor Vll(a) binds to its 
essential cofactor tissue factor (TF) and proteolytically activates factors 
X and IX. Progressive inhibition of TF activity occurs upon its addition to 
plasma. This process is reversible and requires the presence of Vll(a), 
catalytically active Xa, Casup 2sup +, and another component that appears 
to be associated with the lipoproteins in plasma, a lipoprotein 
-associated coagulation inhibitor (LACI). A protein, 
LACI(HG2), possessing the same inhibitory properties as 
LACI, has recently been isolated from the conditioned media of 
cultured human liver cells (HepG2). Rabbit antisera raised against a 
synthetic peptide based on the N-terminal sequence of LACI(HG2) and 
purified IgG from a rabbit immunized with intact LACI(HG2) inhibit 
the LACI activity in human serum. In a reaction mixture containing 
Vila, Xa, Casup 2sup +, and purified LACI(HG2), the apparent 
half-life (t1/2) for TF activity was 20 seconds. The presence of heparin 
accelerated the initial rate of inhibition threefold. Antithrombin lllalpha 
alone had no effect, but antithrombin lllalpha with heparin abrogated the 
TF inhibition. LACI(HG2) also inhibited Xa with an apparent t1/2 of 
50 seconds. Heparin enhanced the rate of Xa inhibition 2.5-fold, whereas 
phospholipids and Casup 2sup + slowed the reaction 2.5-fold Xa. inhibition 
was demonstrable with both chromogenic substrate (S-2222) and bioassays, 
but no complex between Xa and LACI(HG2) could be visualized by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
Nondenaturing PAGE, however, showed that LACl(HG2) bound to Xa but 
not to X or Xa inactivated by diisopropyl fluorophosphate. Thus, LACI 
(HG2) appears to bind to Xa at or near its active site. Bovine factor Xa 
lacking its gamma-carboxyglutamic acid-containing domain, BXa(-GD), through 
treatment with alpha-chymotrypsin, was used to further investigate the Xa 
requirement for Vlia/TF inhibition by LACI(HG2). LACI(HG2) 
bound to BXa(-GD) and inhibited its catalytic activity against a small 
molecular substrate (Spectrozyme Xa), though at a rate approximately 
sevenfold slower than native BXa. Preincubation of LACI(HG2) with 
saturating concentrations of BXa(-GD) markedly retarded the subsequent 
inhibition of BXa. The VII(a)/TF complex was not inhibited by LACI 
\(HG2) in the presence of BXa(-GD), and further, preincubation of LACI 
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ABSTRACT .• ,. : _ "/':••';.'.•/ 

The comparative properties of heparin and PK 10169, a low molecular - 
weight fraction, were studied using an antithrombotic test j in% 
anaesthetized dogs. The antithrombotic properties of the two, 
compounds were evaluated by measuring inhibition, of thrombus, 
formation following transluminal stimulation of coronary artery 
with anodal current and by; measuring antlcoagulantpropertiesy anti , 
Xa and anti Ila activities. - The results show that PK 101 69tdis-j 
••" played significant antithrombotic activities above 0.625 ing/kg-and 
was equipotent at 2.5 mg/kg s;c. with heparin ,10 mg/kg >.c. ;.No.- 
; • correlation could be observed between antittoombotic/^ti/^ 

of both compounds. Moreover it was shown that, lunlike t hepar»in f 
PK 10169 s.c. was devoid of* obvious anticoagulant ^properties : and - 
induced a negligible anti Ila activity contrasting with a hi^h anti 
Xa level. A similar dissociation between anti Xa.and anti. ila, 
activities was observed following i.v. administration r of 2.5 mg/kg 
of PK 10169 but not with heparin. This low, molecular weight . 
heparin fraction might thus be regarded as a potential arterial; : 
antithrombotic agent devoid of appreciable anticoagulant effect. 



INTRODUCTION 



Heparin is considered as the drug of choice in the treatment of acute 
venous thromboembolic disease. The therapeutic effects of heparin are 
mediated through activation of antithrombin III, making it a potent 
coagulation inhibitor. However, the haemorrhagic effects of this compound 
are a major drawback to its use, which has stimulated much effort aimed at 
producing safer derivativ s. Recently, polysaccharide fractions of lower 
molecular weight (LMWH) have been prepared. Unlike h par in these produc a 
relatively greater inhibition of the activated Xa clotting time than of the 
thrombin time or the activated partial thromboplastin time. In vivo, these 



Key words: Low molecular weight heparin, PK 10169, heparin, antithrombotic 
properties 
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oompounds produced a significant antithrombotic effect in experimental 
models of venous thrombosis (induced in animals by combination of stasis 
and injection of a thrcmbogenie mixture). However, the efficacy of LMWH in 
arterial thrombosis has not previously been demonstrated clearly. As the 
aetiology and pathogenesis of arterial thrombosis in man is still obscure, 
justification of an experimental model in animals can nly be, at best, 
circumstantiel. However models of coronary thrombosis, which is associated 
dramatically with transmural myocardial infarction, must fulfil at least 
two criteria ; it should have a good analogy with human thrombosis, and 
produce a disturbance of coronary blood flow as a consequence and not a 
cause of the thrombosis. Salazar (1) proposed in 1961 that an arterial 
coronary thrombosis could be induced by application of anodal current to 
the intravascular lumen, via a stainless steel electrode, positioned under 
fluoroscopic control. In 1981 Romson et al. (2) demonstrated a simpler 
technique which avoided the need for fluoroscopy. They showed that their 
experimental intravascular thrombus was morphologically similar to that of 
naturally occurring thrombi. 

' The availability in our laboratory of a well defined LMWH, PK10169, 
prompted us to investigate its effect on this experimental model of arteri- 
al coronary thrombosis. PK 10169, prepared from pore in heparin by using a 
selective and well controlled depolymerization procedure, has a molecular 
weight 3 to 4 times lower than heparin and a higher anti Xa / antilla 
ratio (3). pur study has investigated blood coagulation, haemodynaraia < v ; 
parameters and thrombus formation" ' following s^ut^.ais f< or rixAra^^a^,^ 
actainistratibh of .riejpfarihf«:.Pk'.?.0i69".to anaestheti^vdogsv.'; ^ <rlrj ; - ^ a* r : 

"^t^ ; ^K. ,"• / , ;< tc. r -; : v'^,.' '^-rfm/j. ' % v •.. . .... : ',:c / '\ < 

' "'/ METHODS " ' - -"v. *"\ 

^ ^ \j<j adult- mongrel dogs of ^either; sex (16 ,:to^25^%).^we,r^^preanaesthe- <M'^J^g$...J;X~:< 
-:tized : with thiopental sodium H500 njg/icg *I'i'V:.^aiKfc^ v,;,/ 4. 

J «sli^' , :with^.pehtobarbit'al sodium ^as^requiried.^ ''-vA^iftciai: :^spiJ?ation ; . ■;was;*:^..! 1 -^; i r^ s ^^,^^ J .i > > 

-established with a Bird mk2^ respiratory, : i Blocj^gas : ;were measured-* aMc^^rr-^lr^).^^ ^V, 
maintained to standard values- (pH ='7;35;* f G.2 fevtftast A00. sr, 5-; mm ,Hg- ; pCQ 2 , ^ u\j\>w< fyf-M^ 

m= 40^i 5 mm Hg). - The -femoral- artery v .arxl^saptei^s^veto^were, ^cannulatea.^ . .,. .^ : „ - r . .,.^,. f , . 

<- to : allow: blood pressure * recording blood ^sampiingvj^^ \ , A ^ 09/. %ifm*h 

^ thoracotomy was made through the ^th left .^(eroc^t^^space,,. the. ;pericar4i^^ ^>^> ^:U£.;V^,-i 
uraHras opened and the main circumflex-. artery twas^caref^ly^ dissected 2 cnr:-;.-;* ^\>y:^*<Jf f 

/ below its origin. Coronary blood flow was monitored with an, electromagnet ' y &).*&k x 

tic flow probe (Nycotron 376). A platinum wire electrode, insulated with ^l: :/. f 

polyethylene, was secured to the myocardium with the tip positioned Inside 
the artery. An anodal current (150 A) was delivered between this elec- 
trode and subcutaneous steel hypodermic needle on the 7th rib, according to 
Romson et al (2). The surface EGG lead II was monitored and the heart rate 
was trigged from the QRS complex. Haemodynamic and electrocardiographic 
parameters were recorded on a 8 channel HP 7758B polygraph system. The 
preparation was maintained stable for 30 minutes before delivery of any 
current or compounds. Electrical stimulation was maintained continuously 
over 6 hours and dogs killed with KC1. The heart was removed and thrombi 
weighed and photographed after arteriotomy. Control blood samples were 
obtained at T -30, TO and at hourly intervals for measurement of bl od 
heparin levels. Blood dotting time (BCT) and plasma rectification time 
(PUT) were measured by standard procedures. Anti Xa and anti Ha activi- 
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ti s were measured apectrome trie ally in the plasma using chromogenic 
substrates (Automated Gilford 2035). Standard curves were obtained with 
addition of increasing quantities f PK 10169 and heparin in plasma. 
Biological activities of the two compounds were calculated from following 
indexes of activities : 





Mean molecular 
weight 


Anti Xa 
U/mg 


Anti Ha 
U/mg 


Anti Xa i.^ _ 

SnTTHa ratio 


Standard 
heparin 
(FF 10238) 


16,000 


137 


132 


1 


PK 10169 
(FF 93D 


4,500 


112 


28 


4 



Subcutaneous injection of either PK 10169 or heparin in a volume, of j 
5 ml were made into the 6th intercostal space. Intravenous administration \ 
involved \ a bolus infusion ; of 1 .25, mg/kg followed by perfusion; ;of ^^-^/^c/^^ 
mg/kg for; 6 hours. - ,This ? - was* necessary. , on ' amount of ; the shprt £ast^ : v^ v s:$r§.*f : 
plasma- concent ration of these compounds. c(-\'?Sn ,-£-v.;u^n v 



RESULTS 



-i - , .-. y-. v*.?'*.. .*< > si*'\A\- . ., . . •, -vs.*. ..* v :r 

••'•<•• f ,vV. ■ •• \ -:m^=^-: 4 "->/ .■■vK'-ti*A f . \^ t ,..: : , 

v^in i . Th rombua development . s - i ... ;;,tf..-v-*;v : ~ • •• ?j * .\ vas v? "5 , > ,- ^v^H. ' 

:;: .v 1 Tra^uminar coronary stimulation, in dogs -induced, ; a . ...tire, , de^ndent ^ r ^4j<#^ 
thrombus development, over a, period of . 6 . to ^ . ^ ; V 

^ - thrombi iiwreased from 7.7 ? .1.25 mg : (n .=:,3)r to^. s R ^ r?^^mMm^M^ J; ^;*.r ; 
v between 2 and.- ''6'< tifturaiwaf , .electrical • ^stimulation v .^aspectiyely^ ; ifig..^ ty. t ^ ^^f fA y^ > - 

' These data agree with those of Schumacher et al \(4). no.c^rel-, : - v ' " v 

ation between weight and length of thrombi. Pro^ssive, coronary ^occlusion 
over 6 hours reduced coronary blood flow by more than 50 % in 9 out of 1.1 
animals (with a mean overall of 64.7 *). Blood pressure and . heart rate 
remained unchanged during the experiment. Neither BCT nor PRT changed 
significantly over the 6 hours of experiments ; their values were 3-17 
i 0.18 and 2.90 - 0.17 min respectively. There was no detectable anti 
Xa or anti Ha activity at any time during the experiment. 

2. Antithrombotic effect of PK 10169 and heparin 

Subcutaneous administration of either PK 10169 or heparin had anti- 
thrombotic effects but at different doses : PK 10169 was very effective 
from 0.625 mg/kg (p < 0.05) whereas doses of heparin of over 2.5 mg/kg were 
required (fig. 2). The effect of PK 10169 reached a plateau at doses 



ANTITHROMBOTIC ACTION OF PK 10169 Vol.38, No. 4 

higfr r than 2.5 zng/kg (thrombus weight : 9.05 - 0.85 mg) whilst heparin 
did not achieve an equivalent effect with 20 rag/kg (thrombus weight : 7.11 
£ 0,93 rag). Th thrombi obtained with the highest doses of th two 
compounds (i.e. 5-9 mg) did not impede coronary blood flow. 

k 




: - '■" • • FIG. 1 ti ■ 

■ Tine course; of development of coronary thrombi in, untreated anaesthe^^v-i . n 
. tized dogs (n = 20). Thrombus weight is expressed 'nig^VSoi %d,dur^ibn ^/^,v. v , h 
:r u , i 'W'ot electrical stimulation in hours. The thr^mbus*?^ site>:p£ . fJ 

- - / In* electrical injury was removed after 2, 4 ; and H 6^hpurs ?6t : stimulation- ()fK;i j v. 
* -> -'.^ • ^ l ^d^^fiimediately^ weighed ; on. an^ analytical Kbaijar^^^ 1 ^ 

«w | ;w Calculated by linear regression ^analysis (r = .;,;;p^<.0.01 -^..jj _ 

^r^l-^H- - ■ ■ . . ' : : - ■ ::■ - 4: V s ' - : 

| The thrombi obtained with the highest doses of the two compounds (i.e. 

5-9 mg) did not Impede coronary blood flow. In thaj way reduction in 
coronary flow observed in the control group (- 64.73 - 8 %) was signif- 
icantly altered by PK 10169 (fig. 3) at a dose of 1.25 mg/kg s.c. (- 22.03 
- 13.68 ; p< 0.01). In spite of intragroup variations with the two 

i- highest doses this effect was dose-dependent and correlated with thrombus 

weight (fig. 4). On the other hand, heparin induced a significant (p 
< 0.05) but not clearly dose-dependent inhibition of restriction of coro- 
nary flow. This difference is related to greater interindividual varia- 

|- tions. Neither PK 10169 nor h parln altered arterial blood pressur or 

|i heart rate throughout the experiment. 
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FIG . 2 '•" • 



Antithrombotic effect of increasing doses of PK 10169 and heparin 

(S.C.) in anaesthetized dogs. .The two compounds were injected 30 min . 

before the onset of stimulation (total duration of 6 hours). After, 
: .sacrifice thrcmbiA.were ^i^'M ^escribed piously, 

group represent^ 5: dd^; ^ 1 .25^;2 4 .5j ,5'V 

^ and ib- ; mg>l« S-Cv^and: h^ar^ at; |;5| 10;;and ^mg/fe^s-c. ■ 
; group represent s; 11; ^ogs. Each.|poiht. rjei>resents the mean ^ SE^and 

significance calculated 'from Ves'idual "a«aiysis''6f ^ar^ce^'usxiig'a.-.WtesJi::. 8 
'r^as. -.modified by Dunhett ; (5). Correlations wen»; obtained frca , ^egression - 
^.ajialysifl ^ , \ 7; ; f . , "W^A^^ 

.= PK 10169 : r = 0.54 ; -p < 0.01 ; y = 46.9 -Mx r? r , , ■ V \ r< : 

- Heparin**: r - 0.6 ; p< 0.01 ; y = 0.2 + 2.2 X: . , / ^ 



PK 10169 induced a slight increase in BCT and + PRET (fig. 5) which 
increased respectively from control values of 3.18 - 0.18 min and 2.90 - 
0.18 min to 3.57 - 0.25 min and 3.86 - 0.36 min with 2.5 mg/kg s.c. 
and to 6.58 * 0.63 min and 6.79 - 1.13 min with the highest dose of 
PK 10169 (10 mg/kg). In contrast, heparin largely and dose-dependently 
increased these two factors from about 3 to 20 minutes in the same condi- 
tions. This increase could be correlated with variations in anti Ila 
activity (r = 0.98 ; p < 0.01). PK 10169 is however devoid f such activ- 
ity even at the highest doses. 
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ON THROMBOTIC CORONARY OCCLUSION 
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{ * Effect of PK 10169 and heparin on thrombotic coronary- 1 occlusion in 1 
the anaesthetized dog. PK 10169 and heparin were aaMhistred ..by thes-p. ... 

' route as described in f i*. 3 and "Methods"", . effect each compound . 
is expressed as the mean - SEM in percent of flow reducUcn. ^ . v T 

Dose vs thrombus weight : - ,. ^p/*^^^ . 

■V' PK 10169 : r i 0.63 ; ; v <$M \ y = 19-68 - ; T.53;x : ;,^ c . ,V 
U^rHeparitf • : r; ^0;63 ; p ; <c -G.01 :; y = -24.33 ^<9M^&^\ : --it> ; -JV^*- 

y / \r - 'Wv;'^ ;i, >'• . ^\M&?V 4.. , • 

!• / : ; v ~ro ,£? f \ M . • .^Vv^V'^'v >"•:• * % ■/* : .-\...,^K 

• -r Jl ■ ' ' ™V . > 100 T'-': V;^-" ' 
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FIG. 4 

Correlation between coronary flow and thrombus weight formation after 
6 hours of stimulation following PK 10169 and heparin treatment. Each 
point represents the value of coronary flow (% flow reduction) for corre- 
sponding thrombus weight (mg) in each dog. Data were c 11 ct d from 
52 dogs. Th line was fit by mean of linear regr ssion analysis. 

PK 10169 : r = 0.599 ; P < 0.01 ; y = 0.23 + 2.17 x 
Heparin : r = 0.58 ; p < 0.01 ; y = 5.97 + 2.2 x 
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EFFECT OF PK10169 S HEPARIN 
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FIG- 5 



y Comparative effect of PK 10169 and heparin on blood coagulation time u 
(BCT) and plasma decalcification time (PRT)j ino ahaesth 
PK 10169 and heparin were administered by the s.Ci • route as dei^ibed in 
fig. 2 and "Methods". : The^ffect of each compound is expressed in ^ Mr^es^ , 
and each point as the mean; - SEM. ; : ; ^ t ... 

■ Heparin^: BCT vs v iiosU?:«4-='6i89 "j p < 0,0T ; y = 1>06 f( + 6.01 x, : '...' ;;; C >^'*V^J5 
BCT vs anti Ila activity : r = 0.98 ; p < 0.01. ;^y K = ^ ^'^v'" 
i >x ;;.y...-;-^: / •• .. t -0.46 + 0*79 x v ' 



Both PK 10169 and heparin promote by the s.c. route a significant and 
dose-dependent anti Xa activity (fig. 6). The efYect of MO mg of heparin 
was obtained with half the dose of PK 10169 (5 mg/kg). Sy i.v. route, the 
short plasma life of heparin and the long duration of electrical stimula- 
tion (6 hours) necessitated slow perfusion of the compound over 6 hours 
following the initial bolus injection in order to maintain a sufficient 
plasma concentration. Under these conditions, PK 10169 and heparin induced 
a large and significant (p < 0.01) inhibition of thrombus development with 
2.5 mg/kg i.v. It should be emphasised that, although BCT and PUT are 
dramatically increased by heparin, the effect of PK 10169 on these para- 
meters were only minor albeit significant. The clear dissociation between 
anti Xa and anti Ila activities of PK 10169 i.v. was not observed with 
heparin (PK 10169 anti Xa activity was 3 to 4 times higher than anti Ila 
activity ; fig. 7). Moreover the anti Xa action of PK 10169 i.v. was about 
2 times higher than that of heparin. 




FIG. 6 

Effect of PK 10169 (A) and heparin (B) on anti Xa (1) and anti Ila (2) I 
activities in the anaesthetized dog. PK 10169 and heparin were administered 
by the s.c. route as previously described in fig. 3 and "Methods". The 
effect of each compound is expressed as unit/100 ml plasma. Each point 
corresponds to mean - SEM. 
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FIG. 7 , 

Effect of PK 10169 and heparin; on anti Xa and anti Ila activities in 
the anaesthetized dog. The compounds were administered i.v. at,- 1.25 mg/l(g 
in bolus followed by 1.25 mg/kg in. slow rate perfusion oyer , 6 j hours , as 
described in "Methods". The effect of each comppunjl is[ express^ in\;. : 
unit/100 ml plasma. Each point corresponds to the^ari - SEM. VT'' 



- ;i ; . ./ " - " ' discussion / . ;. , ■ 

To bur knowledge heparin and low molecular weight fractions : t ; haye. not 
yet been tested , on an in vivo . canine model of coronary artery tfrbmbdsis. 

>!• This animal : model, which does not involve 'vess^l^s^i^s'/br, blj^Cbyp^- j 
coagulability, produces a thrombus similar in inorrfiolcgy ?^-<»n^iti<»"tp 
\- human coronary artery , thrombi (2). The low amperage electrical stimulation 

. of the LOC induces platelet adhesion and aggregation followed by ^ incor- 
poration of fibrin stabilizing the initial thrombus v: ' .Using the diminution 
of coronary blood flow during the course of the experiment as an index of 
thrombotic occlusion, Rorason et al. (2) found that' the average time for 
complete occlusion was 3.2 - 0.4 hours of electrical^stimulation and 
that after 6 hours, the mean thrombus weight was 50 - 8 mg. In con- 
trast, our results show a slower decrease of coronary blood flow, reaching 
only 74.73 -8.2 % of reduction of control values after 6 hours, re- 
lated to a mean thrombus weight of 24.79 - 2.2 mg. However, further 
studies from Schumacher et al. (4) show a final thrombus development 
similar to our data (23 - 2 mg). 

The antithrombotic effect of PK 10169 in the canine model of arterial 
thrombosis is higher than that of heparin after subcutaneous administra- 
tion. ED 50 calculated from reductions in thrombus weight are respectively 
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about 0.77 mg/kg for PK 10169 and 10,66 mg/kg for heparin. This difference 
cannot be related to higher blood hypocoagulability since 0.625 mg/kg of 
PK 10169 did not alter BCT and PRT, whilst an equipotent dose of heparin 
Increases these clotting tines about 4 tines. Furthermore, the anti Ila 
activity induced by 0.625 mg/kg f PK 10169 corresponds t 2.5 U/100 ml 
plasma whereas that induced by 10 mg/kg of heparin corresponds to 278 0/ 
100 ml plasma. So hypocoagulability may not be considered as a parameter 
of inhibition of thrombus development in this model of arterial coronary 
thrombosis. 

Surprisingly, the antithrombotic potency does not seem to be related 
to anti Xa activity : a similar reduction of thrombus weight was obtained 
after respective s.c. administration of :.25 mg/kg and 10 mg/kg of PK 10169 
and heparin, whereas anti Xa activities are 55.4 * 4 U/100 ml plasma 
for PK 10169 and 216 - 382 U/100 ml plasma for heparin. The efficacy of 
PK 10169 might be due to a better bioavailability after s.c. injection. 
Although PK 10169 and heparin have the same anti Xa activity in vitro and 
immediately after i.v. injection, s.c. kinetic curves are markedly differ- 
ent : PK 10169 reached a. plateau at 4 hours whereas heparin did not, even 
at 6 hours. Moreover, the constant perfusion of 1.25 mg/kg of each com- 
pound for 6 hours, immediately following bolus injection, demonstrated as 
initially equipotent on anti Xa activity, points out a more rapid decrease 
after heparin than after PK 10169 infusion. This suggests, a longer 
duration of action of PK 10169 although the final effect of both compounds, 
. ' . , v * ''.after i.v. administration on thrombus weight' was ^sijnilar. ; - * . * 

/■ % Therefore, anti Xa activity might; not'-be/the-oay,, factor involved in..— . 

. >v;V, the antithrombotic efficacy of -PK. 10169; ^Recently Ho^ (6) :w '., > :*^ r 

suggested that anti 'Xa and , anti Ila activities ;panrot /r e^lainjthe overall £fcV r-..V.^ 
antithrombotic action of heparin and derivatives and that other properties, , 
such as interactions with contact system, fibril K f ; ; 

platelets or prostacyclin/thromboxan systems /mighty ^contribute to the y 
antithrombotic response. ■ -\. ; E .^, : <Ox-^>~ r>r.r-; /-.j.*. ' ,• i 

.'Besides the; 'prevention 'of thrcmbusl growth, PK 10:1.®, p^ially r prevents.';. ^^^^i'^'^L 
rt V . the reduction in coronary blood flow. However ^ control groups ,as we'll, as,. .« H^r:. ' 

' '' l;t '//' ; f •r;.':- : S'.ln , - , .treated ; animals*: coronary; blood flow 'values are very /variable. v : ^> : x) r*%\^'*&k 

f , t , . variations might be due to ariatomict anastomosis ^distal to the,, probe, _ ■ " 

r- H>-\'f A />y'' adaptativet reflexes to* ischemia/ variations in>tie&t; : ;r#e<'^ p^J-. 
* : V .'"'!''?: ; or to' individual variation^ of arterial diameters. ' Our ■ data show f that LMWH ' -:^,< ^ $ ri ;A;. 
■'V V.-' ; y PK 10169 possesses an- in Hyivo good dissociation Vbetween ^ithrpmbc^,^, :/ ;^ ^ ti^fa,- 
;< ■ 'activity and global blood coagulability, two properties which j; cannot ..tie v^^Vr^-i &y ^ 

differentiated by heparin. Finally the biological parameters measured 
during our experiments are riot directly predictive of the antithrombotic v v 
activity of PK 10169. This compound might be used therapeutically for 
preventing arterial thrombosis or reducing the extend of ischemic injury. 
Nevertheless measurement of anti Xa activity might be used as an indirect 
parameter for measuring plasma levels. 
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Moglichkeiten der Isolierung und Charakterisierung des menschlichen 
Antithrombin IIIj 

Isolation and Characterization of Human Antithrombin III 

H. TROB1SCH, TH. WUST, H. RUSTIGE 
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Summary: 

> Antithrombin III, the most important inhibitor of activated coagulation factors (II a} IX„ X at 
XI a , X/I a ) was isolated from human plasma by affinity chromatography. The biochemical charac- 
terization of this highly purified inhibitor showed, that is was uniform by means of H PLC and 
PA A gradient gel electrophoresis. The molecular weight was determined to 70000 daltons and the 
isoelectric point was pH 4,5. 

The inhibition of factor X a by AT III bad been proofed as competitive by kinetic studies, AT III 
works as a "dead end inhibitor". Heparin seems to forma ternary complex with A T III and acti- 
vated coagulation factors, so acting as a catalyst. 

The therapeutic value of AT Ill-concentrates will be discussed. , 
Zusammenfassung 

Antithrombin III, der wichtigstc Inhibitor der aktivierten Cerinnungsfaktnren II } IX, X, XI 
und XII, wurde mit Milfe der Affinitdtschromatographie ausmenschlichem Plasma isoliert. Wei- 
tere Untersuchungen durch den Einsatz der HPLC und der PAA-Gradientengelelektropborese 
zeigten die hohe Reinheit des Eluates. Das Molckulargewicbt des so isolierten Antithrombin III 
betrug 700CQ Daltons, der isoelektrische Punkt lag bei pH 4,5, 

Durch Einsatz kinetischer Untersuchungsmethoden konnte gezeigt werden, dajJ die Hemmung 
von F X u durch das hochreine Antithrombin III einem kompetitiven Prinzip folgt. Heparin bildet 
einen terndren Komplex mit AT III und aktivierten G erinnungsfaktoren und wirkl als Katalysa- 
tor der AT III vermittelten Inhibition. 

Moglichkeiten zum thcrapeutischen Einsatz von AT IIl-Konzentraten werden diskutiert. 

Key Words: Historical review, antithrombin Ill-concentrate, heparin, activated serin-pro- 
teases, isotation of AT III by affinity chromatography, kinetic characterization, 
therapeutic aspects. 



Einleitung 

Entdeckung, Biochemie und Physiologic des 
AT III 

Wahrend die Entdeckung des Heparins be- 
reits urn die Jahrhimdertwende durch mehrere 
Arbeitsgruppen teilweise in Unkenntnis von- 



einander 29J3 ' ,vuu3 crfolgte, bescbrieben 
ersi Brinkhouse et al. im Jahre 1939 7 einen 
weiteren Plasmafaktor, den Heparin zur 
Hemmung der Prnthrombinaktivierung be- 
notigt. Ohne Heparin zeigte dieses, zu dieser 
Zeit noch nicht naher charakterisierte Protein, 
eine nur geringe Anttthrombinwirkung. 
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1955 erfolgte durch Monkhouse et al. 23 eine 
detaillierte SpeziKzierung der Antithrombine. 

1. Antithrombin I bczeichnec die Absortion 
von kleineren Mengen Thrombin an das 
Fibringerinnsei. 

2. Unter Antithrombin II verstcht man den 
zur Heparinwirkung crfordcrlichcn Pias- 
ma-Co-Faktor. 

3. Antithrombin III bezieht sich auf die pro- 
gressive Inaktivierung von Thrombin 
durch ein Plasmaprotein, 

4. Antithrombin IV beschreibt einen nicht 
naher geklarten Effekt der Vernichtung 
von Thrombin sof ort im Anschl ulS an seine 
Bildung aus Prothrombin. 

5. Antithrombin V ist die Bezeichnung fur 
ein Immunglobulin, das die Aggregation 
von Fibrinmonomeren verhindert. 

6. Antithrombin VI ist identisch mit den 
hochmolekularen Fibrinspaltprodukten. 

Gleichzeitig konnte gezeigt werden, dafi die 
Funktion von Antithrombin II und Anti- 
thrombin III durch das gleiche Molekiil erfiilh 
wird. In der internarionalen Literatur spricht 
man nur noch von Antithrombin III, worun- 
ter sowohl der Effekt der progressiven Inhibi- 
tion a!s auch die Heparin-Co-Faktor-Wir- 
kung subsummiert werden. 

Antithrombin III ist ein Glykoprotein, das 
aus einer einzigen Poiypeptidkette besteht 
und eine molekulare Masse von 64.500 Dalton 
aufweist. 

Das Protein liegt in einer Konzentration von 
etwa 15 mg/dl im Plasma vor und entspricht in 
seiner elektrophoretischen Beweglichkeit den 
Eiweifien der alpha2-Globulinfraktion. 

Antithrombin III wird m den Hepatozyten 
gebiidet, wobei die Synthese im Gegensatz zu 
der der Gerinnungsfaktoren II, VII, IX und X 
sowie des Inhibitors Protein C unabhangig 
von der Vitamin K-Konzentration in der Le- 
berzelle ist. 

Die katabole biologische Halbwertszeit be- 
tragt im gesunden Organismus ungefahr vier 



Tage. Im Falle einer Aktivierung des Gerin- 
nungssystems ctwa im Rahmen einer dissemi- 
nierten intravasalen Koagulopathie (DIC) 
kann dieser Wert allerdings auf wenige Stun- 
den absinken. 

Die Funktion des Antithrombin III besteht 
darin, cinen unter physiologischen Bedingun- 
gen nicht dissoziierenden Komplex mit Serin- 
proteasen zu bilden. Zwar ist dies bisher vor 
allem am Beispiel des Thrombins gezeigt wor- 
den 27 , jedoch ist diese Fahigkeit nicht auf das 
Thrombin beschrankt. Es konnen auch die ak- 
tivierten Gerinnungsfaktoren IX, X, XI und 
XII sowic das Plasmin gleichartig gehemmt 
werden 10 ' 17 - 37 ' 25 ' 31 - 29 . Diese Inhibition kann 
durch Heparin im Sinne eines biologischen 
Katalysators maximal beschleunigt werden. 
Dazu wird Heparin an spezielle Bindungsstel- 
len im Antithrombin III-Molekul fixiert und 
nach erfolgter Komplexbildung zwischen An- 
tithrombin TIT und der jeweiligen Serinprntea- 
se wiedcr abgctrennt. Diese Affinitat zwi- 
schen Antithrombin III und Heparin macht 
man auch im grofitechnischen Maftstab bei der 
Herstellung von Antithrombin IJI-Konzen- 
traten nutzbar. 

Antithrombin 111-Mangelzustande sind bei ei- 
ner Vielzahl.von Erkrankungen nachgewie- 
sen 33 : 

1. Angeboren 

Die Haufigkeit eines hereditar bedingten 
Antithrombin Ill-Mangels ist tnit etwa 
1 :1 0.000 Einwohner bezogen auf die Bun- 
dcsrcpublik Dcutschland cinzuschatzen. 

2. Renaler Eiweifiverlust 

Autgrund seines Molekulargewichtes von 
64.500 Dalton wird Antithrombin III bei 
Vorliegen einer Glomerulopathie mit dem 
Urin ausgeschieden. 

3. Proteinsynthesestorungen in der Leber 
Erkrankungen, die die EiweifJsyn these in 
der Leber einschranken, fiihren zwangs- 
taufig zu Antithrombin-IIl-Mangelzu- 
standen. Hierzu zahlen sowohl akute 
Krankheitsbilder wie z. B. toxische Scha- 
digungen der Leber als auch chronische Er- 



krankungen, wie 
Umbau. 
4. Aktivierung des* 
deren Folge ein vl 
Gerinnungsfaktor 
steht. Hierzu ist] 
intravasale Koagu 



nen. 



Isolierungsmcthodei 
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menschlichen Proteinei- 
se hat jedoch das Anti| 
sorption der Probe an | 
muiJ unter solchen Bee 



Material may be protected by copyright law (Title 17, U.S. Code) 



hutierung von menschlichcm A T III 



179 



ier Aktivierung des Gerin- 
i im, Rahmcn einer disscmi- 
en Koagulopathie (DIC) 
tllerdings auf wenige Stun- 

Antithrombin III besteht 
r>hysiologischen Bedingun- 
renden Komplex mit Serin- 
n. Zwar ist dies bisher vor 
!cs Thrombins gczcigt wor- 
iese Fahigkeit nicht auf das 
nkt. Es konnen auch die ak- 
tgsfaktoren IX, X, XI und 
tsmin gleicharti'g gehemmt 
? . Diese Inhibition kann 
i Sinne eines biologischen 
mal beschleunigt werden. 
i an spezielleBindungsstel- 
nn IIl-Molekul fixiert und 
lplexbildung zwischen An- 
der jeweiligen Serinprotea- 
nnt. Diese Affinitat zwi- 
in III und Heparin macht 
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Antithrombin 111-Konzen- 
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Erkrankungen nachgewie- 



cines hereditar bedingten 
Ill-Mangels ist mil etwa 
thner bezogen auf die Bun- 
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verlust 

s Molekulargewichtes von 
wird Antithrombin III bei 
Glomerulopathie mit dem 
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:st6rungen in der Leber 
die die Eiweifisynthese in 
:hranken, fiihren zwangs- 
iiithrombin-IIl-Mangelzu- 
'.u zahien sowohl akute 
-x wic z. B. toxische Scha- 
:ber als auch chronische Er- 



krankungen, wie etwa ein cirrhotischer 
Umbau. 

4. Aktivierung des Gcrinnungssystems, in 
deren Folge ein vermehrter Verbrauch von 
Gerinmmgsfaktoren und Inhibitoren cnt- 
stelu. Hierzu ist z. B. die disseminierte 
intravasale Koagulopathie (DIC) zu rech- 
nen. 



IsoJierungsmethoden fiir AT Til 

Die Isolierung von humanen Antithrombin 
III erfoJgt aus Spcnderblut, welches durch 
Zentrifugieren in korpuskulare und plasmati- 
sche Bestandteile aufgetrennt wird. 

Durch Nachweis von HB S - AG, HB S -AK und 
Anti-HTLV-ITT beim einzelnen Blutspender 
wird eine Verunreinigung des Plasmapools 
mit Hepatitis-B und HTL-III-Viren weitge- 
hend ausgeschlosscn, wenngleich bekannt ist, 
daft HTLV-III-Carrier mit ncgativem Anti- 
korperbefund existieren. Mit Hilfe des Ver- 
fahrens der Hitzeinaktivicrung werden jedoch 
die tbermolabiien Hepatitis-B- und HTL- 
lll-Viren zerstort. Als Marker fiir eine even- 
tuelle Erkrankung des Spenders an der Non- 
A/Non-B-Hepatitis wird die Aktivitat der 
GPT herangezogen. 

Die Isolierung des Antithrombin III aus dem 
Plasmapool erfoJgt mit Hilfe der Affinitats- 
chromatographie an mit Heparin beladener 
Sepharcse. Es handelt sich hierbei um erne 
Form der Chromatographic, die Proteinc 
nach ihrer Biospezifitat auftrennt. An der 
Oberflache des Sepharose-Gels sind Liganden 
unloslich fixiert, die mit ihrem aktiven Zen- 
trum spezifisch mit dem abzutrennenden Pro- 
tein reagieren konnen. Zur Isolierung des An- 
tithrombin III bedient man sich des sehr stark 
sauren Mukopolysaccharids Heparin, das ei- 
nen isoelektrischen Punkt bei pH 1 aufweist, 
als Ligand. Die starkste Affinitat von alien 
menschlichen Proteinen zur Hep arinsepha ro- 
se hat jedoch das Antithrombin III. Die Ad- 
sorption der Probe an die Liganden des Gels 
mulS unter solchen Bcdingungen geschehen, 



bei denen eine Komplexbildung zwischen 
dem in der Probe enthaltencn Antithrombin 
III und dem Ligand moglich ist. 

Bei der Elution wird das Milieu des Gels kon- 
tinuierlich so verandert, dafi sich die Komplc- 
xe aufiosen. 

Man kann hierzu die Ionenstarke, den pH- 
Wert oder die Temperatur veriindern. Fiir die 
Verdrangung des Antithrombin. Ill aus der 
Hcparinbindung wurden auch mit Erfolg 
Substanzen verwendet, die basische Eigen- 
schaftcn haben. Bei der Isolierung von Anti- 
thrombin III sind bisher zumejst Natrium- 
chloridgradienten zur Desorption verwendet 
worden 2224 . 

Antithrombin III wird dabei wegen seiner ho- 
hen Affinitat zur Heparinsepharose als letztes 
Protein desorbiert. Miller- Andersson et nl. 22 
beschrieben eine Antithrombin III-Desorp- 
tion bei einer Natriiimchloridkonzentrarion 
von etwa 1,0 mol/1 fiir die Isolierung aus 
Plasma. 

Wir fanden bei Versuchen mit hochreinen An- 
tithrombin IIT-Praparaten eine Desorption 
bei einer Natriumchioridkonzentration zwi- 
schen 0,65 und 0,9 mol/1, wobei die optimale 
Salzkonzentration in geringem Umfang pra- 
parateabhangig war 2S . 

Es konntc gezeigt werden, daft fur die beiden 
erforderlichen aufeinanderfolgcnden ■ Chro- 
matographieprozesse nicht unbedtngt zwei 
Sciulen mit vcrschiedencn Gelen verwendet 
werden miissen, sondern nur eine, sofern die 
Heparinsepharose zwischen den Fraktionie- 
rungsprozessen mit 6-molarem Harnstoff re- 
generiert wird. Eine in dieser Weise vorbehan- 
dclte Heparinsepharose erbrachte hoherc 
Ausbeuten an Antithrombin III als eine nicht 
vorbehandelte. 

Da das Antithrombin TTT bei einer Natrium- 
chioridkonzentration zwischen 0,8 und 0,9 
mol/'l eluiert wird, wurde bei der zweiten 
Chromatographic in Stufen eluiert. Die erste 
Desorption erfolgtc bei einer Natriumchlo- 
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rid-Konzentration von 0,5 mol/1. Bei diesem 
Schritt wurden ungebundene oder leicht ge- 
bundene Proteine desorbiert. Antithrombin 
III selber bieibt uncer diesen Bedingungen 
vollstandig an die Ivlatrix gebunden. Die De- 
sorption des Antithrombin III eriolgte mittels 
ernes schnell ansteigenden Gradienteh zwi- 
schen 0,5 und 1,5 mol/1 Nairiumchlorid. 
Nach diesem Trennvorgang ist die Konzen- 
tration des Antithrombin III etwa doppcit so 
hoch wie die im Plasma. 

Da die biologische Aktivitai des Antithrom- 
bin HI bei hoher Ionenstarke rasch abnimmt, 
ist es wichtig, das Protein in einen Puffer mit 
niedriger Ionenstarke zu uberfiihren. Im 
Technikumsmaftstab hat sich hierfur die Dia- 
lyse in semipermeablen Schlauchen am besten 
bewahrt. 

Unkritisch scheint der pH-Wert des Dialysc- 
puffers zu sein, er kann in einem Bereich zwi- 
schen 6,5 und S,5 schwanken. 

Die Hcrstcllung von Antithrombin III-Kon- 
zentratcn fur therapeutische Zwecke beruht 
im Grunde auf den oben geschilderten Verfah- 
ren und kann grofitechnisch realisiert werden: 
Nach Ahtrennung dcr korpuskularen Be- 
standteile des Spenderblutes durch scharfes 
Zentrifugieren wird das Plasma bei — SO^C 
schockgefroren. Hieran schliefit sich ein 24 
Stunden dauernder AuftauprozcfJ bei +4°C 
an, wonach durch scharfes Zentrifugieren das 
Kryoprazipkat gewonnen wird. Der an Fibri- 
nogen und Faktor VIII verarmte Uberstand 
wird an Ionenaustauscher absorbiert, urn die 
Gerinnungsfaktoren II, VII, IX, X und das 
Protein C zu entfernen. Das im Uberstand be- 
tindliche A ntithrombin III wird nun an Hepa- 
rinsepharose absorbiert. Das Antithrombin 
UI-Konzentrat wird durch stufenweise Elu- 
tion, Dialyse und abschliefiende Gefriertrock- 
nung gewonnen. Neuere Untcrsuchungcn ha- 
ben gezeigt, dafi der moglicherweise vom Gel 
miteiuierte Heparinanteil der so gewonnenen 
Praparatc extrem klein 36 und in der prakti- 
schen Anwendu'ng bedeutungslos ist. Der nun 



noch vorhandene Uberstand kann in die Al- 
bumin-bzw. Gammaglobulinproduktion 
uberfuhrt werden. Abbildung 1 zeigt diese 
groiStechnischen Produktionsschritte in der 
Zusammenfassung. 

Biochemische Charakterisierung des affini- 
tatschromatographisch gewonnenen AT III 

Der Nachweis der Reinheit des gewonnenen 
Antithrombin III wurde bisher 2,3,27 ' 22 mit Hil- 
fe der Gelelektrophorese, der SDS-Elektro- 
phorese und der isoelektrischen Fokussierung 
gefuhrt. Wir haben hierzu zwei weitere Me- 
thoden verwendet 25 , das Chromatofokussing 
und die'hochauflosende Flussigkeitschroma- 
tographie. Mit Hilfe des Chromatofokussings 
kann ein Proteingemisch nach den isoelektri- 
schen Punkten der einzelnen Eiweifibestand- 
teile aufgetrennt werden. Dieser ist fiir Anti- 

Frisches ACD Oder CPD Btut 
Zentrifugation 
* Erythrozytenkonzentrat 



ACD oder CPO Plasma 



Schockgefrieren, 24 h fang auftauen bei i°C, 
Zentrifugation 



• Kryoprazipitat 



Uberstand I 

i 

Absorption cer Serinnungsfaktoreri II, VII. IX, X 
an Ionenaustauscher. Stulenweise Elution. 
Dialyse, Gwfrierlfackruing 



- PPSB-Konzenlrat 



Uberstand II 



Absorptior. des AT III an Heparin-Sepharose. 
Stulonwoise Elution, Dialyse, Gelriertrocknung 



► AT lll-Konzentrat 



Uberstand III 

zur Albumin-. -/-Globulinproduktion 

Abb. -1: Prcdukiionsschrictc bei der Herstelkmg von 
Antithrombin UI-Konzcntrat. 
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thrombin III bekannt und wird vonHeimbur- 
j>er 16 bei pH 5,11 sowie von Borsordi ct al.*fur 
zwei Antithrombin ITT-Typen bei pH 4,9 an- 
gegeben. Wir fanden einen isoelekcrischen 
Punkt von pH 4,5 fur das von uns in der Hc- 
parinsepharose-Affinitatschromatographie 
isoliene Antithrombin III. 

Mit Hilfe des Chromatofokussings konnte ein 
einziger scharf begrenzter Elutionsgipfel 
nachgewiesen werden. Durch die beschriebe- 
ne Antithrombin Ill-Isolierung wird also ein 
einheitliches Antithrombin III gewonnen, ob- 
wohl das Elutionsdiagramm bei der Affini- 
tats chromatographic ehcr dagegenspricht. 
Dieses ist asymmetrisch und scheint sich aus 
drei bis vier einzelnen Antithrombin III-halti- 
gen Fraktionen zusammenzusetzen. Offenbar 
spielt dort jedoch das Bindungsverhalten an 
Heparinsepharose eine RoHe. 

Mit Hilfe der hochauflosenden Fliissigkeits- 
chromatographie (HPLC) stand eine Metho- 
de zur Verfugung, die bei Vorliegen nur klei- 
ner Probenmengen eine exakte Trtmnung ei- 
nes Proteingeinisches ermoglieht. Auch mit 
dieser Mcthode erweist sich die Antithrombin 
II I- Preparation als homogen. 

Das als hochrcine Substanz vorliegende Anti- 
thrombin III wurde hydrolytisch in seine 
Aminosauren zerlegt. Die Aminosaureanaly- 
se des Hydrolysatcs erfolgte nach 24, 48 und 
72 Stunden, das Ergebnis wurde auf einen 
Zeicpunkt von 0 Stunden extrapoliert. Die Er- 
gebnisse wurden mit Untersuchungen von 
Koide^ und Takahara et al. 30 verglichen {Ta- 
bcllcl). 

Dieser Vergleich zeigt, daft der Anteil der 
Aminosauren Serin und Cystein bei alien drei 
Analysen nahezu gleich war. Aiie drei Analy- 
scn ergaben fiir das Antithrombin III einen 
hohen AnteiJ der sauren Aminosauren Aspa- 
ragin- und Glutaminsaure. Von den basischen 
Aminosauren ist Lysin in hochster Konzen- 
tration vertreten. 

Wir fanden abweichend von anderen Untersu- 
chern in der PA A-Gradientcn-Gelelektro- 



Tabelle 1 Aminosaursngesamtanalyse von AT III. 

Vergleichende Gegeniiberstellung fremder 
und eigener Untersuchungsergebnisse 



Aminosaure mol Aminosaure / mol Glycoprotsin AT III 
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ASP/ASN 


44 ? 
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Hi ,f 


oy 


CYS 




O, I 
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GLU/GLN 


49,6 


54.1 


68 


GLY 


20,0 


19.1 


22 


HIS 


6.2 


5,3 


7 


ILE 


20,5 


21,1 


25 


LEU 


38,0 


39,5 


54 


LYS 


32,4 


36,7 


54 


MET 


10,9 


10,9 


4 


PHE 


24,1 


33,7 


32 


PRO 


23,1 


21,9 


12 


SER 


32,8 


32,9 


32 


THR 


23,4 


25,5 


36 


TRP 


3,6 


6.3 


15 


TYR 


10,1 


7,3 


10 


VAL 


28,9 


27,5 


25 



phorese ein Molekulargewicht von 70.000 
Daltons. Verunreinigungen waren mit dieser 
Technik gleichfalls nicht erkennbar (Abb. 2). 

Das Gesamtmolekulargewicht bezieht sich 
auf das Glykoprotein Antithrombin III. Nach 
Borsordi et aJ. 6 iit der Saccharidanteil im Anti- 
thrombin III variabel und von der Vorbe- 
handlung abhangig. Es werden fiir den Sac- 
charidanteil Werte von 10 bis 17% aneeee- 

Hierauf konnten die quantitativen Unter- 
schiede in der Aminosauren-Totalanalyse be- 
ruhen. Im Unterschied zu unseren Untersu- 
chungen hat namlich Koide ein aus mehrcren 
aufeinandcrabfoigenden Schritten bestehen- 
des Isolierungsverfahren fiir Antithrombin III 
gewahh, wobei wesentlich mehr Verandcrun- 
gen am Antithrombin III-Molekul zu erwar- 
ten sind, als bei der sehr schonenden Methode 
der Heparinsepharose-Affinitatschromato- 
graphie. 
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AT 111 - Praparationen 




Standardproteine 



Albumin 
MG 67000 



LDH 

MG 140000 



Katalase 
MG 232 000 



Ferritin 
MG 440000 



Thyreoglobulin 
MG 669000 



Abb. 2: PAA-Gradientengclelekirophorese von AT III. 



Die Konzentrationsbestimrnung ties hochrei- 
nen Antithrombin III erfolgtc mit Hilfe der 
radialen Immundiffusion und der spektral- 
photometrischen Konzentrauonsbestimmung 
des Gesamteiweiftes bei einer Wellenlange von 
280 nm. Dies war moglich, da das Antithrom- 
bin III als Reinsubstanz vorlag. 

Beim Vergleich der Ergebnisse beider Metho- 
den zeigte sich, dafi die Konzentrationsmes- 
sungen mit Hilfe der radialen Immundiffusion 
doppelt so hohe Ergebnisse erbrachten, als 
mit der spektralphotometrischen Gesamtei- 
weiftbestimmung. Dieses Phanomen, das bc- 
reits von Mu.ra.no et al. 2+ beschrieben wurde, 
tritt dann auf, wenn hochgereinigtes Anti- 



thrombin III vtrwendet wird. Bei der radialen 
Immundiffusion werden Agarplatten mit spe- 
zifischen Antiseren gegen Antithrombin III 
eingesetzt. Die Ursache fiir das oben beschrie- 
bene Phanomen mufi in einem unterschiedli- 
chen Diffusionsverhaken von hochreinem 
Antithrombin III und dem im Plasma enthal- 
tenen Antithrombin 111 gesehen werden. Sehr 
wahrscheinlich erfolgt bei Plasmaproben eine 
Behinderung der Diffusion des Antithrombin 
III im Agargel durch andere Proteine. Veran- 
derungen am Antithrombin III-Molekiii 
schetden aus, da das hochreine Antithrombin 
III seine biologische Aktivitat behalt und diese 
ein aufterordentlich empfindlicher Parameter 
fiir Veranderungen am Molekiil ist. 
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Enzymkinetische Charakterisierung der 
Wechsclwirkung zwischen AT III, Heparin 
und aktivierten Serylproteasen 

Wie bereits eingangs fescgestellt, besteht die 
biologische Funktion des Antithrombin III in 
der Inhibition von aktiven Serinproteasen. 
Mit Hilfe klassischer Testverfahren waren bis 
zum Jahre 1982 drei typischc Merkmale der 
Antithrombin III-Enzyminteraktion crarbei- 
tet wordcn 27 * 31 : 

1. Die Inhibitionsgeschwindigkeit ist gering, 
was in der Bezeichnung progressives Anti- 
thrombin zum Ausdruck gebracht wird. 

2. Der Enzym-Inhibitor-Komplex dissozi- 
iert unter physiologischen Bedingungen 
nicht. 

3. Die Geschwindigkeit der Enzyminaktivie- 
rung wird durch Heparin beschleunigt. 

Exakte kinetische Daten der Wcchselwirkung 
zwischen Serinproteasen, Antithrombin III 
und Heparin waren bis zu diesem Zeitpunkt 
jedoch nicht erhoben worden. Insbesondere 
blieb die Frage offen, oh Antithrombin III die 
Serinproteasen im Sinne einer kompetiuven 
oder einer non-kompetitiven Inhibition inak- 
tiviert. 

In der Litcratur lagen Hinweise fiir einen non- 
kompetitiven Mechanismus vor 4 . Rosenberg 
und Damns 27 konnten jedoch 1973 zeigen, 
clafi die Tnaktivierung der Serinproteasen 
durch cine Bindung des Antithrombin III un- 
ter Einbeziehung eines Arginyirestes im Inhi- 
bitor an das Serin des aktiven Zentrums der 
Proteasen erf olgt. 

Dies ist nicht nur als fruher Hinweis auf eine 
Kompetition sondern audi dafur zu werten, 
dafi das Antithrombin durch die Protease an 
einer spezifischen Peptidsequenz gespalten 
wird, an der Arginin beteiligt ist. Unter Ver- 
wendung chromogener Pepttdsubstanzen un- 
tersuchten wir daher den Typ der Hemmung 
von Faktor Xa durch Antithrombin III und 
den Einflufi von Heparin auf diese Hem- 

34 

mung . 



Unter Versuchsbedingungen, bei denen eine 
Kompetition aquimolarer Konzentrationcn 
von Inhibitor und chromogencm Peptidsub- 
strat urn das aktive Zentrum von Faktor Xa er- 
moglicht wurde, konnte ein kompetitiver 
Hemmtyp, erkennbar an der unveranderten 
Maximalgeschwindigkeit bei gestiegener Mi- 
chaelis-Menten-Konstante (Km), nachgewie- 
sen werden (Abb. 3). 

Hierbei ergibt sich eine lineare Abhangigkeit 
der K M von der Antithrombin III-Konzen- 
tration. 

Friihere Untersuchungen zeigten, daft Hepa- 
rin die Hemmung der Serinproteasen durch 
.Antithrombin III beschleunigt 5 . Da wir zu- 
dem nachweisen konnten, daft dadurch die 
Kapazitat von Antithrombin III nicht veran- 
dert wurde, setzten wir Heparin als biologi- 
schen Katalysator der Reaktion ein, wobei die 
Erhdhung der Km gegeniaber der reinen Anti- 
thrombin III-Hemmungsignifikant gesteigert 
wurde. 

Abbildung 4 zeigt, dafl die K M in Abhangig- 
keit von der Heparinaktivitat bei konstanter 
Antithrombin 111-Aktivnat eine gegen einen 
Grenzwert strebende Funktion ist. Hierbei 
geniigen bcrcits geringe Heparinmengen, urn 
bei hoher Antithrombin III-Ausgangskon- 
zentration eine deutliche Effektivierung der 
Hemmung von Faktor Xa zu bewirken. Da.s 
Maximum der Heparinwirkung wird bei ei- 
nem Verhaltnis der Einheiten Antithrombin 
III zu Heparin von 1:5 erreicht. 

Eine weitere Konzentrationssteigerung von 
Heparin bewirkt keine starkere Erhbhung der 
Km- 

Als technisch mogliches Maximum fanden wir 
ein molares Verhaltnis von Heparin zu Anti- 
thrombin von 1:20. Bei grofteren Heparin- 
konzentrationen trat cine Fallungsreaktion 
ein, wahrscheinlich bedingt durch das ver- 
wendete chrornogene Peptidsubstrat S 
2222 15,12 . 
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Antilhrombin tll-Konzentration 0 U/rnl 
Anbthrombin Ill-Kort2entration 2,5 U/ml 
Artiihrombin lll-Konzemralton 5,0 U/ml 
Antithrombin lll-Konzemration 10 U/ml 



Abb. 3: Ablianeigkcit cier Reaklionsgeschwmdigkeit vun F X, mit dem Kunscsubstrai 
S 2222 von der SubiSiraikon'ientrjtiun in doppelt reziproker Auhragung nach 
Lineweaver-Bttrk be! verschiedenen AntiLhrombin HI-Konzentrationen. 



Diese Tatsache und der e-funktionelle Verlauf 
der Kurve in der Abbtldung 4 weisen darauf 
hin, daft bei dieser Heparinkonzentration die 
von Rosenberg 17 beschriebenen Lysinbindun- 
gen an AT IT I fur Heparin abgesattigt sind. 

In einem u-eiteren Versuch konnte der kom- 
petitive Hemmtyp fiir wechselnde AT III- 



K w 1-4- 
[mmol ■ ml"'; 



Konzentrationen bei maximalcr Hcparinakti- 
vierung nachgewiesen werden. In diesem Fall 
besteht eine lineare Abhangigkeit der Km vun 
der AT OI-Konzentration. 

Beim Vergleich der K^-VergrofSerung als 
Funktion der AT III-Konzentration mit und 
ohne Heparin wird die kataiytische Funktion 
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Abb. ■"): K M als Funktion der Heparinkonzentration be! konscantcm Antithrombin Hi-Spiegel. 



Abb. 5: Abhangigkeit der K! 
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von Heparin sowie deren Abhangigkeit von 
der eingesetzten AT III-Konzentration deut- 
lich (Abb. 5). 

Die Wirkung von Heparin ist damit charakte- 
risiert durch: 

1. erne Effektivierung und Beschleunigung 
der Faktor Xa-Hemmung durch AT III 
und 

2. cine Abhangigkeit von der AT III-Kon- 
zentration, 

Der kompetitive Hemmtyp und die katalyti- 
sche Rolle von Heparin konnten durch eine 
Auftragung der von uns erhobenen Daren in 
einem Plot nach Dixon bestatigt werden. Die 
dabei gefundene Kj gibt die Inhibitor-Kon- 
zentration an, die crforderlich ist, um eine en- 
zymatisch katalysierte Keaktion halbmaximal 
zu hemmen 9 oder - anders ausgedruckt - die 
K] ist die Dissoziationskonstante des Enzym- 
Inhibitor-Komplexes 2£ \ Das bedeutet, je klet- 
ner K] ist, desto weniger Inhibitor wird beno- 
tigt, um einen definierten Grad der Hemmung 
zu erreichen. 

Bei der reinen AT in-Hemmung (Abb. 6) lag 
der Schnittpunkt S der Geraden im linken 
oberen Quadranten, was auf eine kompetitive 
Hemmung hinweist. Die K[ betrug 19,64 U 
ATlII/mi. 



Bci maximaler Beschleunigung durch Heparin 
(Abb. 7) blieb die Lage des Schnittpunktes S 
erhalten, lediglich die Ki sank auf cinen Wert 
von 5,2 U AT Ill/ml. Die in beiden Fallen ge- 
fundenen Maximalgeschwindigkeiten sind so- 
wohl untereinander als auch mit den nach dem 
Verfahren von Linewcavcr und Burk ermittel- 
ten Werten identisch. Daraus geht hervor: 

1. Die Hemmung von Faktor Xa durch AT 
III ist kompetitiv. 

2. Dies andert sich nicht unter Heparinkata- 
lyse. 

3. Heparin senkt die K| und wirkt daher als 
Katalysator der Hemmung von Faktor Xa 
durch AT III. 

Die Hcparin-AT III-Wechselwirkung ist in 
Abbildung 8 zusammenfassend dargestelk. 

In Zeile 1 ist zunachst die enzymatisch kataly- 
sierte Substratspakung in P, und P 2 gezcigt. 
Nach erfolgter Katalyse stent das Enzym er- 
ncut zur Verfugung. Nach Zugabe des Inhi- 
bitors AT ill (ZeiJe 2) wird jedoch kontinu- 
ierlich im Sinne einer dead-end-Inhibition En- 
zym aus dem System eliminien, wobet sich 
aber cin zunachst nuch riickdissoziabler 
Komplex (EI) mit der Dissoziationskonstan- 
ten K| ausbildet. 



-Spiegel. 



K w 2 

[mmol ■ ml 'j 

1.5 



0.5 




6 & 
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£; Abb, 5: Abhangigkeit der X K von der AT III-Konzcruraiion mit und ohnc Heparinkatalyse. 
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♦ S 2222 0.125 mmot/l 
A S 2222 0.250 tn mol/l 
■ S 2222 0.500 m mof! 
O S 2222 1.000 m mo W 



0 10 



Konz. AT III 
[\JJm\] 

Abb. 6; Uars:ellung der Hemmung von Faktor X, durch Amithrombin lit nach Dixon bci vicr vcrsctiicdcncn Substrat- 
ktinzentrationen. 



Diese Hemmung ist initial kompetitiv. Inner- 
halb kurzester Zeit wechselt sie scheinbar zum 
non-kompetitiven Typ. Diese Beobachtung 
ist jedoch virtucl], da durch das standige Ver- 
armen des Systems an Faktor Xa eine £rmed- 
rigung der Maximalgeschwindigkeit eintritt, 
die eine non-kompetitive Hemmung vor- 
tauscht. Dies 1st jedoch nicht mehr Ausdruck 



ciner unmittelbaren Konkurrenz zwischen 
AT III und dem chromogenen Pepudsubstrat 
um den Faktor Xa, sondern der irreversiblen 
Komplexbildung zwischen Inhibitor und En- 
zym, Nach Zugabe von Heparin (Zeile 3) bil- 
den sich sehr schneli Inhibitor-Heparin- 
Komplexe mil der Assoziationskonstante 




max 

♦ S 2222 0.1 mmol/l 

A S2222 0.15 mmol/l 

■ S 2222 0.20 mmol/l 

A S 2222 0.25 mmoi/l. 

O S 2222 0.3 mmot/l 

O S2222 0.S mmol/l 



-5-Kj 



5 10 
Konz. AT 111 
[U/ml] 



Abb. 7: Darstellung der Hemmung von Faktor X l durch AT III unter Heparinkaulyse nach Dixon bei seeks ver- 
schiedenen Substratkonzentrationen. 



Hep + | 



Abb. 8': Wirkungsprir 
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Abb. 8': Wirkungsprinzip von AT III und Heparin. 



Hep I + E 4 — » EHept ».{El) + Hep (3) 
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Diese haben eine wescntlich kleinere K.[ als der 
rcinc Inhibitor, wobei die Hemmung stark ef- 
fcktiviert wird und der Charakter der Kompe- 
tition betont wird. Nach Biidung des endgiil- 
tigen, nicht mehr riickdissoziablen Enzym- 
Inhibitor-Komplexes (EI) steht Heparin zur 
erneuten Katalyse zur Verfugung. 



Moglichkeiten der Therapie mit AT III- 
Konzentrat 

Die physiologische Wirkung von Antithrom- 
bin III bestimmt auch den therapeutischen 
Einsatz von AT III-Konzentraten. 

Ncben der Therapie hereditarer Mangelzu- 
stande hat sich die Substitutionstherapie mit 
AT III-Konzentraten bei toxischen Leber- 
schadigungen, zur Effektivierung der 
Thrombembolie-Prophylaxe und besonders 
zur Therapie der disseminierten intravasalen 
Koagulopathie bewahrt 8 . 

Die Verbrauchskoagulopathic ist eine Ho- 
moostasc-Storung des Gerinnungssystems, 
die mit einer initialen Aktivierung der Gerin- 
nung einhergeht (Abb. 9). Bereits in diescr cr- 
sten Phase kann es durch Komplexbtidung der 
aktivicrtcn Gerinnungsfaktoren mit AT III zu 
einem Inhibitor-Mangel kommen. Eine iso- 
iiene Heparintherapie kdnnte dies en Aktivie- 
rungszustand des Gerinnungssystems nicht 



beenden, da Heparin alleine keine antikoagu- 
latorische Wirkung besitzt, sondern ledighch 
als Katalysator des AT III wirkt. 

Gelingt es durch therapeutische Bemiihungen 
nicht, bereits in der Phase I der Verbrauchsre- 
aktion das Gerinnungssystern zu kornpensie- 
ren oder nimmt das Krankheitsbild einen per- 
akuten Veriauf, cntwickelt sich das Stadium II 
der DIG (Abb. 10). Dieses ist klinisch durch 
das Auftreten von Schockorganen gekenn- 
zeichnet, da die nun massenhaft entstandenen 
Fibrin- und Thrombozytenaggregate die 
Mikrostrombahn in Lunge, Leber und Niere 
verstopfen. 

Das Gleichgewicht zwischen dem Inhibitor 
AT TIT und den Gerinnungsfaktoren ver- 
schiebt sich welter zuungunsten des Inhibi- 
tors, so dais in diesem Krankheitsstadium die 
Substitutionstherapie dringlich indizicrt ist. 

Dies gilt auch fur das Finaistadium einer DIC 
(Stadium III), das durch eine reaktive Hyper- 
fibrinolyse bei total dekompensierter Ham- 
ostase gekennzeichnet ist 35 (Abb. II). 

Antichrombin III ist also der wichtigste und 
dcrzeitig am besten charakterisierte Inhibitor 
des menschlichen Blutgennnungssystems und 
hauptverantwordich fiir die Aufrechterhal- 
tung einer physiologischen Homoostase. Die 
Entwickiung von Isolierungsmethoden zur 
Reindarstellung dieses Proteins hat Hochkon- 
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Abb. 9: Pathumechanismus dcs erstcn Stadiums der Verbrauchsreaktion (Hyperkoagularnic). 
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Abb. 10: PathumechiiTiismus des zweiten Stadiums der Verbrauchsreaktion (Faktorenverbrauch). 
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zentrate fur den therapeutischen Einsatz er- 
bracht, mit deren Hilfe es moglich geworden 
is:, schwerste Entgleisungcn des Gerinnungs- 
systems gezielter und effektiver als dies friiher 
moglich war zu therapieren. 
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(HG2) with BXa(-GD) slowed the inhibition of Vlla/TF after the addition of 
native Xa. The results are consistent with the hypothesis that inhibitor! of 
VII(a)/TF involves the formation of a Vlla-TF-Xa-LACI complex that 
requires the GD of Xa. Because the GD contains the alpha-carboxyglutamic 
acids required for the Casup 2sup +-dependent binding of factor Xa to 
phospholipid surfaces, the results also suggest that Casup 2sup + may be 
required for the native Xa-LACI complex to bind to and inhibit 
VII(a)/TF. LACI is a novel inhibitor that can rapidly affect feedback 
inhibition of the Vlla-Casup 2sup +-TF enzymatic complex after the 
generation of small amounts of Xa and probably plays an important role in 
the regulation of the in vivo coagulation. 
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VII, is frequently complicated by the development of neutralizing C\ \/l \ n tXS 

antibodies. The therapeutic potential of attenuated forms of the n< r) [ f Oi J 

lipid-associated glycoprotein tissue factor, a known 

inhibitor of coagulation, was investigated as a factor 

VI I l-by passing activity. The protein moiety of tissue factor (Apo-TF) was 

partially purified and exhibited minimal procoagulant activity before 

relipidation in vitro. In pilot studies, Apo-TF injection into rabbits 

previously anticoagulated with an antibody to factor VIII was found to have 

a procoagulant effect. The efficacy of the material was further 

demonstrated when injection of Apo-TF in hemophilic dogs resulted in a 

normalization of the cuticle bleeding time. Little or no change in the , j j j 

blood parameters associated with disseminated intravascular / / / ' / f> W / 

coagulation was observed at lower doses, although mild to moderate I // p> \J<M H^^/ J 

effects were seen at higher doses. These data suggest a novel role for Ty ^ t 

Apo-TF preparations as a potential therapeutic agent for hemophilics with K 
antibodies to factor VIII once the potential thrombogenicity of such I 
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With current technological advances, it is now possible to measure in <50 
muL of plasma picomolar amounts of circulating products of platelet 
activation, products of protease activation related to coagulation 
and fibrinolytic pathways, and prostaglandin metabolites formed during a 
physiologic or pathologic process. Most of these markers, which circulate 
in blood in nanogram or picogram amounts per milliliter during or after 
pathologic activation, provide pertinent information on the status of a 
patient in terms of specificity and early detection, and will be of crucial 
value in the diagnosis of hemostatic defects and the management of newer 
antithrombotic drugs that cannot be monitored by currently available 
assays. Currently, sup 1sup 2sup 51- and sup 3H-based simple 
radioimmunoassays are available for platelet factor 4, 
beta-thromboglobulin, fibrinopeptide A, Bbeta 15-42 related peptides, 
thromboxane Binf 2, and the prostaglandins 6-keto-PGF(inf 1 alpha) and 
PGEinf 2. Nonisotopic methods such as enzyme-linked immunosorbent assays 
and fluoroimmunoassays are being developed. Serotonin and ADP, products of 
platelet activation, are measurable by liquid-chromatographic, 
immunoenzymatic, and spectrophotofluorometric methods. Analytical methods 
for fibrin split products (fragments D and E) and serine protease 
inhibitor complexes such as thrombin-antithrombin-ill, factor 
Xa-antithrombin-IH, and kallikrein-Cinf 1 -esterase are also being 
developed. We have evaluated all of these methods and found them to be very 
sensitive to those components of endogenous activation of the hemostatic 
system listed above. 
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VII(a)/TF involves the formation of a Vlla-TF-Xa-LACI complex that 
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acids required for the Casup 2sup +-dependent binding of factor Xa to 
phospholipid surfaces, the results also suggest that Casup 2sup + may be 
required for the native Xa-LACI complex to bind to and inhibit ' 
VII(a)/TF. LACI is a novel inhibitor that can rapidly affect feedback 
inhibition of the Vlla-Casup 2sup +-TF enzymatic complex after the 
generation of small amounts of Xa and probably plays an important role in 
the regulation of the in vivo coagulation. 
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called the tissue factor inhibitor (TFI). A TFI secreted by HepG2 cells 
(human hepatoma cell line) was isolated from serum-free conditioned medium 
in a four-step procedure including CdCI2 precipitation, 
diisopropylphosphoryl-factor Xa affinity chromatography, Sephadex G-75 
superfine gel filtration, and Mono Q ion-exchange chromatography. The 
purified TFI contained a predominant band at Mr 38,000 on 
NaDodS04/polyacrylamide gel electrophoresis that comigrates with inhibitory 
activity. Like the activity present in plasma, this TFI requires the 
presence of factor Vll(a), factor X(a), and Ca2+ to express inhibitory 
activity. Its specific activity (assuming an extinction coefficient of 10 
at 280 nM, for a 1-cm path length through a 1% solution) was 9800 units/mg 
of protein, where 1 unit of TFI activity was defined as that present in 1 
ml of normal pooled serum. 
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laboratory experience with circulating lupus anticoagulant 
undergoing coronary artery bypass procedures is reported. 
This circulatory anticoagulant inhibits activation of prothrombin by 
the prothrombin activator complex (factor Xa, factor V, and 
phospholipid). The presence of lupus anticoagulant was initially detected 
because of a prolonged activated partial thromboplastin time and a normal 
or mildly prolonged prothrombin time. The 3 patients underwent 
uncomplicated coronary artery bypass grafting and experienced no abnormal 
bleeding postoperatively. The lupus anticoagulant is a rare cause of 
bleeding after open-heart surgery. It appears to be a problem only when an 
additional coagulation defect is present. 
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The comparative properties of heparin and PK 10169, a low molecular 
weight fraction, were studied using an antithrombotic test in anaesthetized 
dogs. The antithrombotic properties of the two compounds were evaluated by 
measuring inhibition of thrombus formation following translumbar 
stimulation of coronary artery with anodal current and by measuring 
anticoagulant properties, anti Xa and anti I la activities. The results show 
that PK 10169 displayed significant antithrombotic activities above 0.625 
mg/kg and was equipotent at 2.5 mg/kg s.c. with heparin 10 mg/kg s.c. No 
correlation could be observed between antithrombotic/anti Xa ratio of both 
compounds. Moreover it was shown that, unlike heparin, PK 10169 s.c. was 
devoid of obvious anticoagulant properties and induced a negligible anti 
Ha activity contrasting with a high anti Xa level. A similar dissociation 
between anti Xa and anti I la activities was observed following i.v. 
administration of 2.5 mg/kg of PK 10169 but not with heparin. This low 
molecular weight heparin fraction might thus be regarded as a potential 
arterial antithrombotic agent devoid of appreciable anticoagulant effect. 
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ABSTRACT: A coagulation disorder was seen after penicillin G 
administration (10 million units/day) in uremic patients and after 
high-dose penicillin G (40 million units/day) in patients with a normal 
glomerular filtration rate (5 patients after cardiac surgery). This 
disorder was characterized by prolongation of bleeding time, appearing 
immediately after penicillin G administration and persisting until 4 days 
after withdrawal of therapy; disturbance of collagen-induced and 
ristocetin-induced platelet aggregation; increase of antithrombin-lll 
activity; and inhibition of factor-Xa activity. The 
inhibition of factor-Xa activity corresponded to that 
seen after low-dose heparin prophylaxis. The clinically latent 
coagulation disorder, when superimposed upon pre-existing 
coagulation abnormalities (uremia, treatment with 
anticoagulants) may cause severe bleeding, as observed in 1 patient with 
acute renal failure on hemodialysis. 
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The bleeding disorder of hemophilia A currently treated by 
replacement therapy of the missing coagulation factor, factor 
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Progressive inhibition of tissue factor activity occurs upon its addition 
to human plasma (serum) . This process requires the presence of factor 
VII (a), facto-X(a), Ca2+, and another component in plasma that we have 
called the tissue factor inhibitor (TFI) . A TFI secreted by HepG2 cells 
(human hepatoma cell line) was isolated from serum- free conditioned medium 
in a four-step procedure including CdCl2 precipitation, 

diisopropylphosphoryl- factor Xa affinity chromatography, Sephadex G-75 
superfine gel filtration, and Mono Q ion-exchange chromatography. The 
purified TFI contained a predominant band at Mr 38,000 on 
NaDodS04/polyacrylamide gel electrophoresis that comigrates with inhibitory 
activity. Like the activity present in plasma, this TFI requires the 
presence of factor VII (a) , factor X(a), and Ca2+ to express inhibitory 
activity. Its specific activity (assuming an extinction coefficient of 10 
at 280 nM, for a 1-cm path length through a 1% solution) was 9800 units/mg 
of protein, where 1 unit of TFI activity was defined as that present in 1 
ml of normal pooled serum. 
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PLATELETS SECRETE A COAGULATION INHIBITOR FUNCTIONALLY AND 
ANTIGENICALLY SIMILAR TO THE LIPOPROTEIN ASSOCIATED 
COAGULATION INHIBITOR 

AUTHOR: NOVOTNY W F; GIRARD T J; MILETICH J P; BROZE G J JR 
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FULL JOURNAL NAME: Blood 
CODEN: BLOOA 
RECORD TYPE: Abstract 
LANGUAGE: ENGLISH 

ABSTRACT: Stimulation with thrombin or the calcium ionophore, A23187 caused 
human platelets to release a coagulation inhibitor similar to 
the Lipoprotein Associated Coagulation Inhibitor 

(LAC1) . This was documented functionally, with clotting assays measuring 
tissue factor inhibition and factor Xa inhibition, as well as 
immunologically, in a competitive immunoassay. The total amount of LAC1 
released by 3 .times. 108 plateletes after two hours stimulation was 7% 
to 8% of the amount found in 1 mL of serum. Half of the LACl was released 
by five minutes. The LACl was present in the platelet supernatant and was 
not associated with the platelet membrane or shed vesicles. The tissue 
factor and factor Xa inhibitory activities that were released were 
neutralized by preincubating the platelet supernatants with specific 
rabbit polyclonal anti-LACl IgG. On Western blot, platelet LACl appeared 
to run as a doublet with a molecular weight (mol wt) 45,000 to 47,000. 
Blood samples obtained from the site of a wound {template bleeding time) 
demonstrated a progressive increase in LACl concentration. A cDNA probe, 
derived from endothelial cell LACl cDNA, hybridized selectively to 4 . 0 
and 1.4 kb transcripts in a preparation of platelet mRNA. 
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RECORD TYPE: Abstract 
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ABSTRACT : Human plasma contains a lipoprotein-associated 
coagulation inhibitor (LACI) which inactivates factor 
Xa directly, and in a Xa-dependent fashion also inhibits the 
Vila-tissue factor complex of the extrinsic coagulation pathway. 
Rabbit polyclonal anti-LACI antiserum was used to screen human 
placental and fetal liver . lambda. gtll cDNA libraries for the expression 
of LACI antigens. Immunologically positive clones were further 
tested for their ability to bind 1251-factor Xa. Seven clones were* 
obtained which are immunologically and functionally active. The longest 
cDNA insert {. lambda. P9) of these isolates is 1.4 kilobases (kb) while 
other clones are 1.0 kb in length. Nucleotide sequence analysis shows 
that , lambda. P9 consists of 1431 bases that include a 5 ' -noncoding 
sequence of 132 nucleotides, an open reading frame of 912 nucleotides, 
and a 3 ' -noncoding region of 387 nucleotides. The open reading frame 
encodes a signal peptide of 28 residues followed by a 32 -kilodalton 
protein of 276 residues. The predicted sequence of mature LACI 
contains 18 cysteines and three potential N-linked glycosylation sites. 
The amino acid sequence analysis of purified LACI ' s NH2 terminus 
and two of its proteolytic fragments match exactly those deduced from the 
cDNA sequence, indicating that the cDNA codes for LACI. The 
translated amino acid sequence of LACI shows several discernible 
domains, including a highly negatively charged NH2 terminus, three tandem 
Kunitz-type inhibitory domains, and a highly positively charged carboxyl 
terminus. Northern blot analysis shows that the following liver-derived 
cell lines, Chang liver, HepG2 hepatoma, and SK hepatoma all, contain two 
major species of mRNA {1.4 and 4.4 kb) which hybridize with LACI 
cDNA. 
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FACTOR XA INSIGHT INTO ITS POSSIBLE MECHANISM OF ACTION 
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ABSTRACT: Blood coagulation is initiated when plasma factor VII (a) binds to 
its essential cofactor tissue factor (TF) and proteolytically activates 
factors X and IX. Progressive inhibition of TF activity occurs upon its 
addition to plasma. This process is reversible and requires the presence 
of VII (a) , catalytically active Xa, Ca2+, and another component that 
appears to be associated with the lipoproteins in plasma, a 
lipoprotein-associated coagulation inhibitor ( 
LACI). A protein, LACI(HG2), possessing the same 
inhibitory properties as LACI, has recently been isolated 
from the conditioned media of cultured human liver cells (HepG2) . Rabbit 
antisera raised against a synthetic peptide based on the N-terminal 
sequence of LACI(HG2) and purified IgG from a rabbit immunized with 
intact LACI(HG2) inhibit the LACI activity in human serum. In 



a reaction mixture containing VII, Xa, Ca2 + , and purified LACI 
(HG2 ) , the apparent half-life (tl/2) for TF activity was 20 seconds. The 
presence of heparin accelerated the initial rate of inhibition threefold. 
Antithrombin III. alpha, alone had no effect, but antithrombin III. alpha, 
with heparin abrogated the TF inhibition. LACI{HG2) also inhibited 
Xa with an apparent tl/2 of 50 seconds. Heparin enhanced the rate of Xa 
inhibition 2.5-fold, whereas phospholipids and Ca2+ slowed the reaction 
2.5-fold. Xa inhibition was demonstrable with both chromogenic substrate 
(S-222) and bioassays, but no complex between Xa and LAC (HG2 ) could be 
visualized by sodium dodecyl sulf ate-polyacrylamide gel electrophoresis 
(SDS-PAGE) . Nondenaturing PAGE, however, showed that LACI(HG2) 
bound to Xa but not to X or Xa inactivated by diisopropyl 
f luorophosphate . Thus, LACI{HG2) appears to bind to Xa at or near 
its active site. Bovine factor Xa lacking its .gamma . -carboxyglut ami c 
acid-containing domain, BXa(-GD), through treatment with 
.alpha. -chymotryps in, was used to further investigate the Xa requirement 
for VIIa/TF inhibition by LACI{HG2) . LACI (HG2 ) bound to 

BXa(-GD) and inhibited its catalytic activity against a small molecular 
substrate (Spectrozyme Xa) , though at a rate approximately sevenfold 
slower than native BXa. Preincubation of LACI(HG2) with saturating 
concentrations of BXa(-GD) markedly retarded the subsequent inhibition of 
BXa. The VII (a) /TF complex was not inhibited by LACI(HG2) in the 
presence of BXa(-GD), and further, preincubation of LACI(HG2) with 
BXa(-GD) slowed the inhibition of VIIa/TF after the addition of native 
Xa. The results are consistent with the hypothesis that inhibition of 
VII (a) /TF involves the formation of a VIIa-TF-Xa-LACI complex that 
requires the GD of Xa. Because the GD contains the 

. alpha . -carboxyglutamic acids required for the Ca2+- dependent binding of 

factor Xa to phospholipid surfaces, the results also suggest that Ca2+ 

may be required for the native Xa-LACI complex to bind to and 

inhibit VII (A) /TF. LACI is a novel inhibitor that can rapidly 

affect feedback inhibition of the VIIa-Ca2+-TF enzymatic complex after 

the generation of small amounts of Xa and probably plays an important 

role in the regulation of in vivo coagulation. 
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The lipoprotein-associated coagulation inhibitor that 
inhibits the factor Vll-tissue factor complex also inhibits 
factor Xa: Insight into its possible mechanism of action 
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LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

Blood coagulation is initiated when plasma factor VII (a) binds to its 
essential cofactor tissue factor (TF) and proteolytically activates factors 
X and IX. Progressive inhibition of TF activity occurs upon its addition to 
plasma. This process is reversible and requires the presence of VII (a), 
catalytically active Xa, Casup 2 sup + , and another component that appears 
to be associated with the lipoproteins in plasma, a lipoprotein 
-associated coagulation inhibitor (LACI) . A protein, 
LACI(HG2), possessing the same inhibitory properties as 
LACI, has recently been isolated from the conditioned media of 
cultured human liver cells (HepG2) . Rabbit antisera raised against a 
synthetic peptide based on the N-terminal sequence of LACI(HG2) and 
purified IgG from a rabbit immunized with intact LACI(HG2) inhibit 
the LACI activity in human serum. In a reaction mixture containing 
Vila, Xa, Casup 2sup + , and purified LACI (HG2) , the apparent 
half -life (tl/2) for TF activity was 20 seconds. The presence of heparin 
accelerated the initial rate of inhibition threefold. Antithrombin Illalpha 
alone had no effect, but antithrombin Illalpha with heparin abrogated the 
TF inhibition. LACI(HG2) also inhibited Xa with an apparent tl/2 of 
50 seconds. Heparin enhanced the rate of Xa inhibition 2.5-fold, whereas 
phospholipids and Casup 2sup + slowed the reaction 2.5-fold. Xa inhibition 
was demonstrable with both chromogenic substrate (S-2222) and bioassays, 
but no complex between Xa and LACI(HG2) could be visualized by sodium 
dodecyl sulf ate-polyacrylamide gel electrophoresis (SDS-PAGE) . 
Nondenaturing PAGE, however, showed that LACI(HG2) bound to Xa but 
not to X or Xa inactivated by diisopropyl f luorophosphate . Thus, LACI 
(HG2) appears to bind to Xa at or near its active site. Bovine factor Xa 
lacking its gamma -carboxyglut ami c acid-containing domain, BXa(-GD), through 
treatment with alpha -chymotryps in, was used to further investigate the Xa 
requirement for VIIa/TF inhibition by LACI (HG2 ) . LACI (HG2) 
bound to BXa(-GD) and inhibited its catalytic activity against a small 
molecular substrate (Spectrozyme Xa) , though at a rate approximately 
sevenfold slower than native BXa. Preincubation of LACI(HG2) with 
saturating concentrations of BXa(-GD) markedly retarded the subsequent 
inhibition of BXa. The VII (a) /TF complex was not inhibited by LACI 
(HG2) in the presence of BXa(-GD), and further, preincubation of LACI 
(HG2) with BXa(-GD) slowed the inhibition of VIIa/TF after the addition of 
native Xa. The results are consistent with the hypothesis that inhibiton of 
VII (a) /TF involves the formation of a VIIa-TF-Xa-LACI complex that 
requires the GD of Xa. Because the GD contains the alpha-carboxyglutamic 



acids required for the Casup 2sup +-dependent binding of factor Xa to 
phospholipid surfaces, the results also suggest that Casup 2sup + may be 
required for the native Xa-LACI complex to bind to and inhibit 
VII (a) /TF. LACI is a novel inhibitor that can rapidly affect feedback 
inhibition of the Vlla-Casup 2sup + -TF enzymatic complex after the 
generation of small amounts of Xa and probably plays an important role in 
the regulation of the in vivo coagulation. 
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Inhibition of factor Vila/tissue factor (TF) by extrinsic pathway 
inhibitor (EPI) requires the participation of factor Xa. Through this 
inhibition, factor Xa generated initially may feed back to suppress 
continuing generation of factor Xa via the extrinsic pathway during 
hemostasis. We have utilized chemical modifications of EPI and factor Xa to 
study the reactions responsible for inhibition. The data are consistent 
with a two-step model. First, EPI binds to factor Xa in a Ca2+ independent 
reaction in which the gla-domain of factor Xa does not participate. A 
functional active site on factor Xa and arginine residues on EPI are 
essential for this step. Then the factor Xa/EPI complex binds to factor 
VIIa/TF with resultant inhibition of its enzymatic activity. The gla-domain 
of factor Xa is essential for this step. Intact positively charged lysines 
on factor Xa may also be important. 

Record Date Created: 19890501 
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CODEN: LANCA 
RECORD TYPE: Abstract 

ABSTRACT: A coagulation disorder was seen after penicillin G 
administration (10 million units/day) in uremic patients and after 
high-dose penicillin G (40 million units/day) in patients with a normal 
glomerular filtration rate (5 patients after cardiac surgery). This 
disorder was characterized by prolongation of bleeding time, appearing 
immediately after penicillin G administration and persisting until 4 days 
after withdrawal of therapy; disturbance of collagen-induced and 
ristocetin-induced platelet aggregation; increase of antithrombin-lll 
activity; and inhibition of factor-Xa activity. The 
inhibition of factor-Xa activity corresponded to that 
seen after low-dose heparin prophylaxis. The clinically latent 
coagulation disorder, when superimposed upon pre-existing 
coagulation abnormalities (uremia, treatment with 
anticoagulants) may cause severe bleeding, as observed in 1 patient with 
acute renal failure on hemodialysis. 
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Factor Vlll-bypassing activity of bovine tissue factor using the canine 
hemophilic model 
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The bleeding disorder of hemophilia A currently treated by 
replacement therapy of the missing coagulation factor, factor 
VII, is frequently complicated by the development of neutralizing 
antibodies. The therapeutic potential of attenuated forms of the 
lipid-associated glycoprotein tissue factor, a known 
inhibitor of coagulation, was investigated as a factor 
Vlll-bypassing activity. The protein moiety of tissue factor (Apo-TF) was 
partially purified and exhibited minimal procoagulant activity before 
relipidation in vitro. In pilot studies, Apo-TF injection into rabbits 
previously anticoagulated with an antibody to factor VIII was found to have 
a procoagulant effect. The efficacy of the material was further 
demonstrated when injection of Apo-TF in hemophilic dogs resulted in a 
normalization of the cuticle bleeding time. Little or no change in the 
blood parameters associated with disseminated intravascular 
coagulation was observed at lower doses, although mild to moderate 
effects were seen at higher doses. These data suggest a novel role for 
Apo-TF preparations as a potential therapeutic agent for hemophilics with 
antibodies to factor VIII once the potential thrombogenicity of such 
materials is evaluated. 
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With current technological advances, it is now possible to measure in <50 
muL of plasma picomolar amounts of circulating products of platelet 
activation, products of protease activation related to coagulation 
and fibrinolytic pathways, and prostaglandin metabolites formed during a 
physiologic or pathologic process. Most of these markers, which circulate 
in blood in nanogram or picogram amounts per milliliter during or after 
pathologic activation, provide pertinent information on the status of a 
patient in terms of specificity and early detection, and will be of crucial 
value in the diagnosis of hemostatic defects and the management of newer 
antithrombotic drugs that cannot be monitored by currently available 
assays. Currently, sup 1sup 2sup 51- and sup 3H-based simple 
radioimmunoassays are available for platelet factor 4, 
beta-thromboglobulin, fibrinopeptide A, Bbeta 15-42 related peptides, 
thromboxane Binf 2, and the prostaglandins 6-keto-PGF(inf 1 alpha) and 
PGEinf 2. Nonisotopic methods such as enzyme-linked immunosorbent assays 
and fluoroimmunoassays are being developed. Serotonin and ADP, products of 
platelet activation, are measurable by liquid-chromatographic, 
immunoenzymatic, and spectrophotofluorometric methods. Analytical methods 
for fibrin split products (fragments D and E) and serine protease 
inhibitor complexes such as thrombin-antithrombin-lll, factor 
Xa-antithrombin-lll, and kallikrein-Cinf 1 -esterase are also being 
developed. We have evaluated all of these methods and found them to be very 
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sensitive to those components of endogenous activation of the hemostatic 
system listed above. 
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Clinical and laboratory experience with circulating lupus anticoagulant 
in 3 patients undergoing coronary artery bypass procedures is reported. 
This circulatory anticoagulant inhibits activation of prothrombin by 
the prothrombin activator complex (factor Xa, factor V, and 
phospholipid). The presence of lupus anticoagulant was initially detected 
because of a prolonged activated partial thromboplastin time and a normal 
or mildly prolonged prothrombin time. The 3 patients underwent 
uncomplicated coronary artery bypass grafting and experienced no abnormal 
bleeding postoperatively. The lupus anticoagulant is a rare cause of 
bleeding after open-heart surgery. It appears to be a problem only when an 
additional coagulation defect is present. 
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The comparative properties of heparin and PK 10169, a low molecular 
weight fraction, were studied using an antithrombotic test in anaesthetized 
dogs. The antithrombotic properties of the two compounds were evaluated by 
measuring inhibition of thrombus formation following transluminar 
stimulation of coronary artery with anodal current and by measuring 
anticoagulant properties, anti Xa and anti I la activities. The results show 
that PK 10169 displayed significant antithrombotic activities above 0.625 
mg/kg and was equipotent at 2.5 mg/kg s.c. with heparin 10 mg/kg s.c. No 
correlation could be observed between antithrombotic/anti Xa ratio of both 
compounds. Moreover it was shown that, unlike heparin, PK 10169 s.c. was 
devoid of obvious anticoagulant properties and induced a negligible anti 
Ha activity contrasting with a high anti Xa level. A similar dissociation 
between anti Xa and anti lla activities was observed following i.v. 
administration of 2.5 mg/kg of PK 10169 but not with heparin. This low 
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molecular weight heparin fraction might thus be regarded as a potential 
arterial antithrombotic agent devoid of appreciable anticoagulant effect. 
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